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ANTI -MULLERIAN HORMONE RECEPTOR 
POLYPEPTIDES AND ANTIBODIES THERETO 

TECHNICAL FIELD OF INVENTION 
This invention relates to polypeptides 
5 displaying the activity of anti-Mullerian hormone 

receptors and antibodies and antibody homologs to those 
polypeptides. More particularly , this invention 
relates to such polypeptides and antibodies, processes 
for producing those polypeptides and antibodies and 
10 methods for using them in the treatment of cancer and 
tumors of tissues associated with expression of the 
anti-Mullerian hormone receptor, 

BACKGROUND OF INVENTION 
Anti-Mullerian hormone (AMH) , also called 

15 Mullerian inhibiting substance (MIS) , is a glycoprotein 
produced by prepubertal Sertoli cells and by postnatal 
granulosa cells. It is a non-steroidal factor that 
causes regression of the Mullerian duct, the anlage of 
the internal female reproductive tract, in the male 

20 fetus. AMH is secreted at low levels by postnatal 
gonadal cells. The significance of postnatal AMH is 
not fully understood. 

AMH has been hypothesized to be useful in 
treating tumors that derive from the Mullerian duct 

25 (e.g., uterus, Fallopian tubes) and tumors of tissues 
that derive from progenitor cells of the Mullerian duct 
(e.g., ovaries), by binding to the AMH receptor and 
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inhibiting cell proliferation. However, there have 
been problems identifying the functional AMH ligand. 
An alternate approach to the treatment of s,uch tumors 
is to use the AMH receptor to target the tumors. 
5 AMH is part of the transforming growth 

factor-B (TGF-B) superfamily. It is structurally and 
functionally related to TGF-B , bone morphogenic protein 
(BMP) and activin. Receptors have been isolated for 
some of these ligands, including the activin type II 

10 receptor (ActR-II) (L.Mathews and W.Vale, Cell, 65, p. 
973 (1993)) and the TGF-B type II receptor (TGFBR-II) 
(H.Lin et al. Cell , 68, p. 775 (1992)). More recently, 
investigators have identified a type I receptor which 
may be associated with ActR-II (L.Attisano et al., 

15 Cell , 75, pp. 671-680 (1993)) and/or with TGFBR-II 

(R.Ebner et al., Science , 260, pp. 1344-1348 (1993)). 
This same receptor has also been identified as an AMH 
(or Mullerian inhibiting substance) receptor by W.He et 
al., Developmental Dynamics . 196, pp. 133-142 (1993). 

20 However, its expression profile is not at all 

consistent with the expected expression profile of an 
AMH receptor. 

AMH receptors are present in a very limited 
number of body tissues. Therefore, the AMH receptor is 

25 particularly useful for developing antibody-toxin 

conjugates to target tumor treatments. Antibody-toxin 
complexes targeted to the AMH receptor can be used much 
more aggressively than antibody-toxin complexes 
targeted to other receptors which are typically more 

30 prevalent in the body. 



SUMMARY OF INVENTION 
This invention provides isolated DNA 
sequences encoding AMH receptor polypeptides. This 
invention further provides recombinant DNA molecules 
35 comprising an AMH receptor DNA sequence and capable of 
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directing expression of an AMH receptor polypeptide. 
This invention also provides isolated AMH receptor 
polypeptides which possesses the biological or 
antigenic activity of native AMH receptor. 
5 Another aspect of this invention provides -a 

method for detecting the AMH receptor polypeptide in 
vitro or in vivo comprising the steps of contacting an 
AMH receptor antibody with a sample or cell suspected 
of containing the receptor polypeptide and detecting if 

10 binding has occurred. 

This invention also provides an assay for 
detecting the presence of the AMH ligand in a test 
sample by contacting the test sample with the AMH 
receptor polypeptide and determining whether binding 

15 has occurred. 

Another aspect of this invention provides a 
method for identifying and then isolating and purifying 
molecules that bind to an AMH receptor polypeptide 
comprising contacting a sample containing the test 

20 molecules with an AMH receptor polypeptide immobilized 
on a support under conditions whereby the molecules to 
be identified are selectively adsorbed onto the 
immobilized receptor , washing the immobilized support 
to remove non-adsorbed material and separating the 

25 bound molecule from the immobilized AMH receptor 
polypeptide to which they are adsorbed. 

This invention also provides antibodies and 
antibody homologs capable of binding to the AMH 
receptor polypeptide. Another aspect of this invention 

30 provides a pharmaceutical composition comprising an 
antibody capable of binding to the AMH receptor 
polypeptide conjugated with a toxin or radionuclide 
capable of killing or preventing growth of a cell 
expressing the AMH receptor polypeptide. A further 

35 aspect of this invention is a method of treating 
cancers or tumors in tissues characterized by the 
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expression of the AMH receptor polypeptide by 
administering an AMH receptor antibody-toxin or 
antibody -radionuclide conjugate* 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 Figure 1A is a schematic diagram shoving 

proteins encoded by three clones (7F2, 2B10 and 3D6) 
isolated from a fetal ovary library and by clone HI, 
constructed by joining the extracellular domain of 3D6 
to the transmembrane kinase region of 2B10 using a 

10 BspMl restriction site. The domain encoded by an extra 
exon in 3D6 is hatched. The signal peptide is shown in 
black and introns A (159 bp) and B (120 bp) are 
represented by arrowheads. 

Figures IB and 1C represent the nucleotide 

15 sequence and translated amino acid sequence of clone 
HI. The BspMl restriction site used for the 
construction is indicated. The nucleotide sequence of 
the extra exon found in 3D6 is shown in lower case and 
its translated protein sequence is underlined. The 

20 transmembrane region is shaded and the predicted signal 
sequence cleavage sites for both the HI and the 2B10 
proteins are indicated by arrows. Introns A and B are 
indicated by arrowheads. Potential N-linked 
glycosylation sites are boxed. Two sites at which 

25 nucleotide differences were observed between 7F2, 2B10 
and 3D6 are also indicated. HI contains the consensus 
sequence at these two positions. 

Figure ID depicts a comparison of the rabbit 
AMH receptor encoded by HI with the human TGF-B type II 

30 receptor and the mouse activin type II receptor. Amino 
acids shared by at least two receptors are shaded. 
Cysteines conserved in all three extracellular domains 
are indicated by a dot. Roman numbers indicate protein 
kinase catalytic consensus domains. Domains VIB and 

35 VIII are specific for serine-threonine kinases. 
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Figures 2A and 2B depict Northern blot 
hybridization of 7F2 to mRNA extracted from various 
organs of developing rabbits. "sc*' represents Sertoli 
cells. 

5 Figures 2C-2E depict in situ hybridization of 

rabbit reproductive tissues: (C) adult (16 weeks) ovary 
containing follicles at various developmental stages; 
(D) 18-day-old fetal testis; and (£) 18-day-old female 
fetal , sexually undifferentiated reproductive tract 
10 containing Mullerian (M) and Wolffian (W) ducts. 

Figure 3 depicts (A) cells transfected with 
HI and exposed to plasmin-cleaved AMH; (B) cells 
transfected with HI and exposed to full-length AMH; (C) 
cells transfected with 2B10 and exposed to plasmin- 
15 cleaved AMH; and (D) cells transfected with £- 

galactosidase DNA and exposed to plasmin-cleaved AMH. 
Negative COS cells are indicated by arrows. Dark field 
illumination, x 500. 

Figure 4A is a schematic diagram showing 
20 primers used for reverse-transcriptase polymerase chain 
(RT-PCR) reaction and the expected PCR fragments 
generated for the two receptor isoforms, i.e., 164 bp 
for 2B10 and 347 bp for HI. The PCR oligonucleotides 
are indicated by arrows, the sense oligonucleotide is 
25 5» GCAGGATGCT GGGCACTCTG 3« [SEQ ID NO: 8] 

and the antisense oligonucleotide is 

5' GTCAGCACCA CAGGAGCAGG 3 • [SEQ ID NO: 9] 

Figure 4B depicts the gel analysis of RT-PCR 
products generated from RNAs extracted from various 
30 rabbit organs. 

Figure 5 depicts a comparison of the rabbit 
(bottom line) [SEQ ID NO: 4] and human (top line) [SEQ 
ID NO: 13] AMH receptor protein sequences. 

Figure 6 represents a partial nucleotide 
35 sequence of the AMH receptor gene of patient T.A. 

[nucleotides 401 to '800 of SEQ ID NO: 14]. The exon is 
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shown in upper case letters and the intron is shown in 
lower case letters. A G>A mutation is indicated by an 
arrow. 

Figure 7 represents a partial nucleotide 
5 sequence [SEQ ID NO: 14] of the AMH receptor gene 

isolated from the XEMBL4 library, Exons are in upper 
case; introns are in lower case. The nucleotide that 
is mutated in patient T. A* is indicated by an arrow. 
The protein sequence is shown below the exon sequences. 

10 Figure 8 depicts an electrophoretic analysis 

of RT-PCR products generated with RNA isolated from 
control tissues from normal individuals and with RNA 
from the testis of patient T.A. . The expected band is 
observed in the control samples while two aberrant 

15 bands are seen in the T.A. sample. The smaller band 
represents an mRNA that has undergone exon skipping, 
while the other band, which is slightly larger than the 
normal PCR product in the control lanes, reflects an 
mRNA that has undergone cryptic splicing. 

20 Figure 9 is a schematic diagram showing the 

generation of the two aberrant mRNAs in patient T.A., 
caused by the splicing mutation in the AMH receptor 
gene. 

Figure 10 depicts an electrophoretic analysis 
25 of RT-PCR product generated with RNA from the four 

human granulosa cell tumors. Lane 1 — ovarian tissue, 
patient 1; Lane 2 — ovarian tissue, patient 2; Lane 
3 — ovarian tissue, patient 3; Lane 4 — metastasis, 
patient 3; Lane 5 — size marker PhiX-Hae III. The 
30 expected band is seen clearly in lanes 1 and 2 and more 
faintly in . lanes 3 and 4 , indicating that the tumors 
express the AMH receptor. 



35 



DETAILED DESCRIPTION OF THE INVENTION 
An isolated AMH receptor DNA sequence is a 
DNA sequence that is identified and separated from at 
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least one contaminant DNA sequence with which it is 
ordinarily associated in the natural source of the AMH 
receptor. An isolated AMH receptor DNA sequence is 
other than in the form or setting in which it is found 
5 in nature. An isolated AMH receptor DNA sequence ' 
therefore is distinguished from the AMH receptor DNA 
sequence as it exists in natural cells. 

Preferably , the isolated AMH receptor DNA 
sequence comprises a DNA sequence encoding the mature 
10 AMH receptor polypeptide selected from the group 
consisting of 

(a) nucleotides 113 to 1585 of SEQ ID NO: 1; 

(b) nucleotides 110 to 1765 of SEQ ID NO: 2; 

(c) nucleotides 112 to 1779 of SEQ ID NO: 12; 
15 (d) DNA sequences that hybridize to any of the 

DNA sequences of (a) -(c) and which encode a 
biologically or antigenically active AMH receptor 
polypept ide ; and 

(e) DNA sequences that are degenerate to any of 

20 the foregoing DNA sequences. 

Alternatively, the isolated AMH receptor DNA 
sequence comprises a DNA sequence encoding the 
extracellular domain of the AMH receptor polypeptide 
selected from the group consisting of 

25 (a) nucleotides 113-310 of SEQ ID NO: 1; 

(b) nucleotides 110-490 of SEQ ID NO: 2; 

(c) nucleotides 112-492 of SEQ ID NO: 12; 

(d) DNA sequences that hybridize to any of the 
DNA sequences of (a) -(c) and which encode a 

30 biologically or antigenically active AMH receptor 
polypeptide; and 

(e) DNA sequences that are degenerate to any of 
the foregoing DNA sequences. 

11 Hybridization" as used in this application 
35 means hybridization carried out under conditions of 
high or moderate stringency. High stringency 
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conditions are defined as hybridizing with plaque 
screen buffer (0.2% polyvinylpyrrolidone, 0,2% Ficoll- 
400, 0.2% bovine serum albumin, 50mM Tris-HCl (pH 7.5), 
1M NaCl, 0.1% sodium pyrophosphate, 1% SDS), 10% 
5 dextran sulphate, and 100 /xg/ml denatured, sonicated 
salmon sperm DNA at 65 °C for 12-20 hours, and washing 
with 75 mM NaCl/7.5 mM sodium citrate (0.5 X SCC)/1% 
SDS at 65 °C. Moderate stringency conditions are 
defined as hybridizing with plaque screen buffer, 10% 

10 dextran sulphate and 100 /xg/ml denatured, sonicated 
salmon sperm DNA at 55 °C for 12-20 hours, and washing 
with 300 mM NaCl/ 30 mM sodium citrate (2.0 X SCC) /1% 
SDS at 55°C. 

The isolated AMH receptor polypeptides of 

•15 this invention are polypeptides that possess the 
biological or antigenic activity of native AMH 
receptor. The biological activity of the native AMH 
receptor is the ability to bind to AMH ligand. The 
antigenic activity of the native AMH receptor is the 

20 ability to raise antibody that binds with the receptor. 
The isolated AMH receptor polypeptides of this 
invention are separated from at least one contaminant 
polypeptide with which they are ordinarily associated 
in the natural source of the AMH receptor. An isolated 

25 AMH receptor polypeptide is other than in the form or 
setting in which it is found in nature. An isolated 
AMH receptor polypeptide therefore is distinguished 
from the AMH receptor polypeptide as it exists in 
natural cells. 

30 The AMH receptor polypeptides of this 

invention may exist in monomeric or oligomeric forms. 
Oligomeric forms may be composed of only the AMH 
polypeptide or may include other TGF-B superfamily type 
I receptors. 

35 Preferably the AMH receptor polypeptides of 

this invention are selected from the group consisting 



WO 95/16709 



PCT/US94/14643 



- 9 - 

of polypeptides encoded by the isolated AMH receptor 
DNA sequences of this invention. More preferably, an 
AMH receptor polypeptide of this invention comprises an 
amino acid sequence corresponding to the mature AMH 
5 receptor polypeptide selected from the group consisting 
of 

(a) amino acid residues 18 to 508 of SEQ ID 
NO: 3; 

(b) amino acid residues 18 to 569 of SEQ ID 
10 NO: 4; and 

(c) amino acid residues 18 to 573 of SEQ ID 
NO: 13. 

Alternatively , an isolated AMH receptor 
polypeptides of this invention comprises an amino acid 
15 sequence corresponding to the extracellular domain the 
mature AMH receptor polypeptide selected from the group 
consisting of 

(a) amino acid residues 18 to 83 of SEQ ID NO: 3; 

(b) amino acid residues 18 to 144 of SEQ ID 
20 NO: 4; and 

(c) amino acid residues 18 to 144 of SEQ ID 
NO: 13. 

An antibody capable of binding to AMH 
receptor polypeptide is an antibody that binds to the 

25 polypeptide and is identified and separated and/or 

recovered from a component of any natural environment 
in which it may be present. Preferably, such antibody 
is capable of binding to the extracellular domain of 
the AMH receptor polypeptide. More preferably, such 

30 antibody is capable of binding to the AMH receptor in 
its native conformation on the surface of cells. 

An antibody homolog is a protein comprising 
one or more polypeptides' selected from immunoglobulin 
light chains, immunoglobulin heavy chains, and antigen- 

35 binding fragments thereof, which are capable of binding 
to one or more antigens. The component polypeptides of 
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an antibody homolog composed of more than one 
polypeptide may optionally be disulf ide-bound or 
otherwise covalently crossl inked. Accordingly, 
antibody homologs include intact immunoglobulins of 
5 types IgA, IgG, IgE, IgD, IgM (as well as subtypes 
thereof) , wherein the light chains of the 
immunoglobulin may be of types kappa or lambda. 
Antibody homologs also include portions of intact 
immunoglobulins that retain antigen-binding 

10 specificity, for example, Fab fragments, Fab 1 

fragments, Ffab 1 ^ fragments, F(v) fragments, heavy 
chain monomers or dimers, light chain monomers or 
dimers, dimers consisting of one heavy and one light 
chain, and the like. 
' 15 Also encompassed in the term "antibody 

homologs 0 are humanized recombinant antibody homologs 
and chimeric recombinant antibody homologs. A 
humanized recombinant antibody homolog is an antibody 
homolog initially derived from a nonhuman mammal in 

20 which recombinant DNA technology has been used to 

substitute some or all of the amino acids not required 
for AMH receptor binding with amino acids from 
corresponding regions of a human immunoglobulin light 
or heavy chain. A chimeric recombinant antibody 

25 homolog is an antibody homolog derived initially from a 
nonhuman mammal, in which recombinant DNA technology 
has been used to replace all or part of the hinge and 
constant regions of the light chain, the heavy chain or 
both, with corresponding regions from an immunoglobulin 

30 light chain or heavy chain of a mammal of a different 
species, preferably human. 

The DNA sequences encoding the AMH receptor 
may be used as diagnostic tools to determine the extent 
and rate of the expression of the AMH receptor in cells 

35 of a patient. To accomplish this assay, a sample of a 
patient's cells is treated, via in situ hybridization, 



WO 95/16709 



PCT/US94/14643 



- 11 - 

or by other suitable means, and analyzed to determine 
whether the sample contains mRNA molecules capable of 
hybridizing with the DNA sequence encoding the AMH 
receptor . 

5 The DNA sequences encoding the AMH receptor 

may also be used to construct recombinant DNA molecules 
capable of expressing the AMH polypeptides of this 
invention in hosts transformed therewith. A DNA 
sequence encoding an AMH receptor polypeptide of this 

10 invention must be operatively linked to an expression 
control sequence within the recombinant DNA molecule to 
effect such expression. The term "operatively linked" 
as used herein refers to positioning in a vector such 
that transcription and translation of the coding 

15 sequence is directed by the control sequence. 

To construct a recombinant DNA molecule 
capable of directing expression of the AMH receptor 
polypeptides of this invention, the DNA sequences 
encoding these polypeptides may be inserted into and 

20 expressed using a wide variety of vectors. 

Furthermore, within each specific expression vector, 
various sites may be selected for insertion of these 
DNA sequences. These sites are usually designated by 
the restriction endonuclease which cuts them. They are 

25 well recognized by those of skill in the art. It will 
be appreciated, however, that an expression vector 
useful in this invention need not have a restriction 
endonuclease site for insertion of the chosen DNA 
fragment. Instead, the vector may be joined to the 

30 fragment by alternative means 

The expression vector, and in particular, the 
site chosen for insertion of a selected DNA fragment 
and operative linking to an expression control 
sequence, is determined by a variety of factors. These 

35 factors include, e.g., the number of sites susceptible 
to a particular restriction enzyme, the size of the 
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polypeptide to be expressed, susceptibility of the 
desired polypeptide to proteolytic degradation by host 
cell enzymes, contamination or binding of the 
polypeptide to be expressed by host cell proteins 
5 difficult to remove during purification, expression 

characteristics, such as the location of start and stop 
codons relative to the vector sequences, and other 
factors recognized by those skilled in the art* The 
choice of vector and an insertion site for a DNA 

10 sequence is determined by a balance of these factors 
and not all selections will be (equally effective for a 
given case. 

Useful expression vectors may consist of 
segments. of chromosomal, non-chromosomal and synthetic 

15 DNA sequences. Suitable expression vectors for 
eukaryotic hosts include, for example, vectors 
comprising sequences from SV40, bovine papilloma virus, 
adenovirus and cytomegalovirus, and vectors useful 
specifically in insect cells, such as pVL 941. Useful 

20 bacterial expression vectors include known bacterial 
plasmids, e.g., plasmids from E.coli including colEl, 1 
pCRl, pBR322, pMB9 and their derivatives; wider host 
range plasmids, such as RP4; the numerous derivatives 
of phage lambda, e.g., NM989 and the lambda gt series; 

25 other DNA phages, e.g., M13 and other filamentous 

single-stranded DNA phages; and commercially available 
high expression vectors, e.g., the pGEM series and the 
lambda Zap vectors. Useful mammalian cell expression 
vectors include, for example, the 2/x plasmid and 

30 derivatives thereof. 

Such expression vectors are also 
characterized by at least one expression control 
sequence that may be operatively linked to the DNA 
sequences of this invention inserted in the vector in 

35 order to control and to regulate the expression of that 
cloned DNA sequence. Examples of useful expression 
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control sequences include the malE system, the OmpA 
system, the lac system, the trp system, the tac system, 
the trc system, major operator and promoter regions of 
phage lambda, the control region of fd coat protein, 
5 the promoter for 3 -phosphogly cerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
(e.g., Pho5) , the promoters of the yeast mating 
factors, and promoters derived from polyoma, 
adenovirus, retrovirus, and simian virus, e.g., the 

10 early and late promoters of SV40, eukaryotic cell 
promoters, such as the metallothionein promoter and 
other sequences known to control the expression of 
genes of prokaryotic or eukaryotic cells and their 
viruses or combinations thereof. 

15 The recombinant DNA molecules of the present 

invention may also comprise other DNA coding sequences 
fused to and in frame with the DNA sequences of this 
invention. For example, such constructs may be 
characterized by an ATG start codon fused directly to 

20 the nucleotides encoding the first amino acid of the 

mature AMH receptor polypeptide. This construction may 
produce an f-Met polypeptide. However, it will be 
understood that the initial methionine may be cleaved 
during expression in a transformed host or may be 

25 subsequently removed. Alternatively, a DNA sequence 
encoding a bacterial or eukaryotic signal sequence may 
be fused to the 5 1 end of a DNA sequence encoding the 
mature AMH receptor polypeptide of this invention. 
This would allow the expressed product to be either 

30 secreted or targeted to a specific subcellular 
compartment within the host cell. Most signal 
sequences are removed by the host cell after performing 
their targeting function, thus obviating the need for 
removal after purification of the desired polypeptide. 

35 Many signal sequences, as well as the DNA sequences 
encoding them, are known in the art. The fusion of 
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such signal sequence DNA to and in frame with the 
sequence encoding a mature AMH receptor polypeptide of 
this invention can be achieved by standard molecular 
biology techniques. Preferably, the signal sequence is 
5 selected from the group consisting of nucleotides 62 to 
112 of SEQ ID NO: 1; nucleotides 59 to 109 of SEQ ID 
NO: 2; and nucleotides 61 to 111 of SEQ ID NO: 12. 

Alternatively , a DNA sequence encoding an AMH 
receptor polypeptide of this invention may be expressed 

10 as a fusion protein by in-frame ligation to a second 
DNA sequence encoding a host cell polypeptide. The 
expression of a fusion protein may afford several 
advantages , such as increased resistance to host cell 
degradation, ease of identification based upon the 

15 activity or antigenicity of the host cell polypeptide, 
and ease of purification, based upon the physical or 
immunological properties of the host cell polypeptide. 

This invention also relates to hosts 
transformed with the recombinant DNA molecules 

20 described above. Useful hosts which may be transformed 
with these recombinant DNA molecules and which may be 
employed to express the AMH receptor polypeptides of 
this invention may include well known eukaryotic and 
prokaryotic hosts, such as strains of E.coli , strains 

25 of Pseudomonas; strains of Bacillus : strains of 

Streptomvces : strains of Saccharomvces : animal cells 
such as COS cells, CHO cells, BHK cells, Rl.l cells, B- 
W and L-M cells, African Green Monkey kidney cells 
(e.g., COS 1, COS 7, BSC1, BSC40 and BMT10) ; human 

30 tissue cells; insect cells (e.g., Spodoptera fruaiperda 
(SF9) ) ; and plant cells in tissue culture. The 
preferred host for expression of the AMH receptor 
polypeptides of this invention is CHO cells. 

It will be appreciated that not all 

35 host/expression vector combinations will function with 
equal efficiency of expression DNA sequences encoding 
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the AMH receptor polypeptides of this invention. 
However, a particular selection of a host-expression 
vector combination may be made by those of skill in the 
art after due consideration of the principles set forth 
5 herein without departing from the scope of this 

invention. For example, the selection should be based 
on a balancing of a number of factors. These factors 
include, for example, compatibility of the host and 
vector, toxicity of the polypeptides encoded by the AMH 

10 receptor DNA sequences to the host, vector copy number 
and the ability to control that copy number, the 
expression of other proteins encoded by the vector, 
such as antibiotic markers, ease of recovery of the 
desired polypeptide, expression characteristics of the 
• 15 DNA sequences and the expression control sequences 
operatively linked to them, biosafety, costs and 
folding or any other necessary post-expression 
modifications of the desired polypeptide. 

While recombinant DNA techniques are the 

20 preferred method of producing the AMH receptor 

polypeptides of this invention, the AMH receptor DNA 
sequences of this invention, particularly the DNA 
sequences encoding only the extracellular domain of the 
AMH receptor polypeptides , i.e., nucleotides 113 to 

25 310 of SEQ ID NO: 1; nucleotides 110 to 490 of SEQ ID 
NO: 2; and nucleotides 112 to 492 of SEQ ID NO: 12; or 
sequences which are degenerate to those sequences may 
be produced by conventional chemical synthesis 
techniques. Synthetically produced polypeptides of 

30 this invention can advantageously be obtained in 
extremely high yields and be easily purified. 

In a preferred embodiment of this invention, 
AMH receptor polypeptides corresponding only to the 
extracellular domain (i.e, residues 18 to 83 of SEQ ID 

35 NO: 3; residues 18 to 144 of SEQ ID NO: 4 and residues 
18 to 144 of SEQ ID NO: 13) are synthesized by solution 
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folding of the polypeptides may be achieved under 
oxidative conditions which favor disulfide bridge 
formation, as described by S.Kent, Ann. Rev. Biochem. . 
5 57, pp. 957-989 (1988). Polypeptides produced in this 
way may be purified by separation techniques widely 
known in the art, preferably utilizing reverse phase 
HPLC. 

In another embodiment of this invention, 
10 fusion polypeptides, and DNA sequences coding for them 
are provided. These fusions have an amino-terminal 
region characterized by the amino acid sequence of the 
extracellular domain of the AMH receptor polypeptides 
of this invention and a carboxy terminal region 

15 comprising a domain of a protein or polypeptide other 
than an AMH receptor polypeptide. Such domains 
include, for example, the Fc region of an 
immunoglobulin. 

In a preferred embodiment of this invention, 

20 the extracellular domain of the AMH receptor 

polypeptides of this invention are fused to at least a 
portion of the Fc region of an immunoglobulin. In 
these fusions, the AMH binding polypeptides form the 
animo- terminal portion of the fusions, the Fc region 

25 forms the carboxy terminal portion of the fusions. The 
Fc region is preferably limited to the hinge region and 
the C H 2 and C H 3 domains. The fusion proteins, referred 
to as an AMH receptor/ IgG may be purified from 
conditioned medium on a Protein A Sepharose column. 

30 The AMH receptor polypeptides are useful in 

radioreceptor assays to measure all bindable forms of 
AMH. Screening assays of this kind are conventional in 
the art and any such screening procedure may be 
employed, whereby the test sample is contacted with the 

35 AMH receptors of this invention and the extent of 
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binding and biological activity of the bound molecule 
are determined. 

The AMH receptor polypeptides of this 
invention are useful for purifying molecules that bind 
5 to an AMH receptor polypeptide, i.e, the AMH ligand. 
Such purification comprises contacting a sample 
containing the AMH ligand to be purified with the AMH 
receptor polypeptide immobilized on a support under 
conditions in which the AMH ligand is selectively 

10 adsorbed onto the immobilized receptor, washing the 

immobilized support to remove non-adsorbed material and 
separating the AMH ligand from the immobilized AMH 
receptor polypeptide to which it is adsorbed. 

The AMH receptor polypeptides of this 
* 15 invention may also be used to induce the formation of 
anti-AMH-receptor antibodies, which are identified by 
routine screening. Such antibodies may either be 
polyclonal or monoclonal antibodies, or antigen binding 
fragments of such antibodies (such as, for example, 

20 F(ab) or (Fab) 2 fragments). Of particular significance 
to the invention are antibodies (and antigen-binding 
fragments of those antibodies) that bind to the 
extracellular domain of the AMH receptor polypeptide. 
The most preferred anti-AMH-receptor antibodies (and 

25 antigen-binding fragments thereof) are those capable of 
binding the receptor in its native conformation on the 
surface of cells. 

Polyclonal antibodies to the AMH receptor 
polypeptide generally are raised in animals by multiple 

30 subcutaneous (sc) or intraperitoneal (ip) injections of 
the AMH receptor polypeptide and an adjuvant. It may 
be useful to conjugate the AMH receptor polypeptide 
(including fragments containing the target amino acid 
sequence) to a protein that is immunogenic in the 

35 species to be immunized, e.g., keyhole limpet 

hemocyanin, serum albumin, bovine thyroglobulin, or 
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soybean trypsin inhibitor using a bifunctional or 
derivatizing agent, for example, maleimidobenzoyl 
sulfosuccinimide ester (conjugation through cysteine 
residues) , N-hydroxysuccinimide (through lysine 
5 residues) , glutaraldehyde f succinic anhydride, or 
R 1 N=C=NR, where R and R 1 are different alkyl groups. 

The route and schedule of the host -animal or 
cultured antibody-producing cells therefrom are 
generally in keeping with established and conventional 

10 techniques for antibody stimulation and production. 
While mice are frequently employed as the test model, 
it is contemplated that any mammalian subject including 
human subjects or antibody-producing cells obtained 
therefrom can be manipulated according to the processes 

15 of this invention to serve as the basis for production 
of mammalian, including human, hybrid cell lines. 

Animals are typically immunized against the 
immunogenic conjugates or derivatives by combining 1 mg 
or 1 /xg of conjugate (for rabbits or mice, 

20 respectively) with 3 volumes of Freund's complete 

adjuvant and injecting the solution intradermally at 
multiple sites. One month later the animals are 
boosted with 1/5 to 1/10 the original amount of 
conjugate in Freund's complete adjuvant (for other 

25 suitable adjuvant) by subcutaneous injection at 

multiple sites. Seven to 14 days later animals are 
bled and the serum is assayed for anti-AMH receptor 
polypeptide titer. Animals are boosted until the titer 
plateaus. Preferably, the animal is boosted with the 

30 conjugate of the same AMH receptor polypeptide, but 
conjugated to a different protein and/or through a 
different cross-linking agent. Conjugates also can be 
made in recombinant cell culture as protein fusions. 
Also, aggregating agents such as alum are used to 

35 enhance the immune response. 
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Monoclonal antibodies are prepared by 
recovering immune cells, typically spleen cells or 
lymphocytes from lymph node tissue, from immunized 
animals and immortalizing the cells in a conventional 
5 fashion, e.g., by fusion with myeloma cells or Epstein- 
Barr virus transformation and screening for clones 
expressing the desired antibody. The hybridoma 
technique described originally by Kohler and Milstein, 
Eur. J. Immunol. , 6, p. 511 (1976) and also described 

10 by Hammer ling et al., Monoclonal Antibodies and T-Cell 
Hvbridomas , Elsevier, N.Y., pp. 563-681 (1981) has been 
widely applied to produce hybrid cell lines that 
secrete high levels of monoclonal antibodies against 
many specific antigens. It is possible to fuse cells 

15 of one species with another. However, it is preferable 
that the source of the antibody-producing cells and the 
myeloma be from the same species. 

The hybrid cell lines can be maintained in 
culture in vitro in cell culture media. The cell lines 

20 of this invention can be selected and/ or maintained in 
hypoxanthine-aminopterin thymidine (HAT) medium. In 
fact, once the hybridoma cell line is established, it 
can be maintained on a variety of nutritionally 
adequate media. Moreover, the hybrid cell lines can be 

25 stored and preserved in any number of conventional 
ways, including freezing and storage under liquid 
nitrogen. Frozen cell lines can be revived and 
cultured indefinitely with resumed synthesis and 
secretion of monoclonal antibody. 

30 Monoclonal antibodies may be raised agaihst 

the extracellular domain of the AMH receptor by 
immunizing an animal according the above-described 
procedures with an AMH receptor/ IgG fusion protein. 
Preferably, monoclonal antibodies directed against the 

35 extracellular domain will recognize the AMH receptor in 
its native conformation on the surface of cells and can 
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be distinguished from those directed against the IgG 
portion of the fusion protein by standard methods. 

Anti-AMH receptor monoclonal antibodies to 
the extracellular domain of the AMH receptor 
5 polypeptide are preferably produced according to the 
following regime. Animals are first immunized with CHO 
cells expressing high levels of AMH receptor 
polypeptides. Prior to fusion of spleen cells with 
myeloma cells/ the animals are boosted with the AMH 

10 receptor/ IgG fusion protein. Monoclonal antibodies 
directed against the AMH receptor are identified by 
standard methods. 

The secreted antibody is recovered from 
tissue culture supernatant by conventional methods such 

15 as precipitation, ion exchange chromatography, affinity 
chromatography, or the like. The antibodies described 
herein may also be recovered from hybridoma cell 
cultures by conventional methods for purification, of 
IgG or IgM. The purified antibodies are sterile 

20 filtered, and optionally are conjugated with a 

detectable marker such as an enzyme or spin label for 
use in diagnostic assays of the AMH-receptor in test 
samples. 

While routinely mouse monoclonal antibodies 
25 are used, the invention is not so limited; in fact, 
human antibodies may be used and may prove to be 
preferable. Such antibodies can be obtained by using 
human hybridomas (Cote et al., Monoclonal Antibodies 
and Cancer Therapy , Alan R. Liss, p. 77 (1985)). In 
30 fact, according to the invention, techniques developed 
for the production of chimeric antibodies (Morrison et 
al., PNAS , 81, p. 6851 (1984); Neuberger et al., 
Nature, 312, p. 604 (1984); Takeda et al., Nature . 314, 
p. 452 (1985); Shaw et al., J. Nat. Cane. Inst. , 80, 
35 pp. 1553-1559 (1988); and Oi et al., BioTechnigues , 4, 
p. 214 (1986)) by splicing the genes from a mouse 
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antibody molecule of appropriate antigen specificity 
together with genes from a human antibody molecule of 
appropriate biological activity (such as ability to 
activate human complement and mediate ADCC) can be 
5 used; such antibodies are within the scope of this 
invention. Also included within the scope of this 
invention are humanized monoclonal antibodies generated 
by replacing the complimentary determining regions 
^ (CDRs) of a human antibody with the CDRs from an anti- 

10 AMH receptor monoclonal antibody. 

Techniques for creating recombinant DNA 
versions of the antigen-binding regions of antibody 
molecules (known as Fab fragments) which by pass the 
generation of monoclonal antibodies, are also 

15 encompassed within the scope of this invention. This 
may be accomplished by extracting antibody specific 
messenger RNA molecules from immune system cells taken 
from an immunized animal, transcribing these into 
complementary DNA (cDNA) , and cloning the cDNA into a 

20 bacterial expression system. One example of such a 
technique suitable for the practice of this invention 
incorporates a bacteriophage lambda vector system that 
contains a leader sequence causing the expressed Fab 
protein to migrate to the periplasmic space (between 

25 the bacterial cell membrane and the cell wall) or to be 
secreted. One can rapidly generate and screen great 
numbers of functional Fab fragments for those that bind 
the antigen. Such AMH-receptor-binding molecules (Fab 
fragments with specificity for the AMH receptor 

30 polypeptide) are specifically encompassed within the 
term "antibody" as it is defined, discussed, and 
claimed herein. 

The anti-AMH receptor antibodies of the 
present invention may also be used for diagnostic 

35 purposes, such as to measure the expression and 
function of a patient's AMH receptors. The anti- 
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receptor antibodies also can be used in imaging to 
identify and characterize tumors or other tissues, or 
to define the presence and site of receptor expressing 
cells. 

5 For diagnostic purposes, the receptors and 

anti-receptor antibodies can be used in accordance with 
immunoassay technology. Examples of immunoassays sire 
provided by Wide, Radioimmune Assay Method , Kirkham and 
Huner, Eds., E & S Livingstone, Edinburgh, pp. 199-206 
10 (1970). 

Thus, in one embodiment, AMH receptor 
polypeptides can be detectably labeled and incubated 
with a test sample containing AMH molecules, such as 
biological fluids and the amount of receptor molecule 

15 bound to the sample is ascertained. In a second 

embodiment, antibody to the AMH receptor polypeptides 
can be used to create a sandwich type immunoassay. In 
one such assay, a sample suspected of containing AMH 
can be incubated in the presence of an immobilized 

20 anti-AMH antibody. Solubilized, detectably labeled AMH 
receptor polypeptides are added to the reaction mixture 
and the amount of AMH is determined by measuring the 
amount of bound receptor. 

As will be appreciated by those of skill in 

25 the art, various alternative assays can also be 

devised. The assay may be merely diagnostic for the 
presence of AMH or it may be made quantitative by 
comparing the measure of labeled molecule with that 
obtained for a standard sample containing known 

30 quantities of AMH. 

In another diagnostic test suitable for the 
AMH receptor polypeptides of this invention involves a 
single incubation step as the antibody (or receptor) 
bound to the solid support and labeled receptor (or 

35 antibody) are both added to the sample being tested at 
the same time. After the incubation is completed, the 
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solid support is washed to remove the residue of fluid 
sample and uncomplexed labeled antibody. The presence 
of labeled molecules associated with the solid support 
is then determined as it would be in a conventional 
5 sandwich assay. 

Antibodies directed against cell surface 
antigens such as the AMH receptor also have the 
capacity to specifically target medical therapies 
against cancers and tumors in tissues expressing the 

10 AMH receptor. The anti-AMH antibody may be effective 
by itself through antibody dependent and complement 
dependent cytolysis mediated by the Fc domain. Such 
antibodies can be made more effective as cancer 
therapeutics by using them as delivery vehicles for 

15 drugs, toxins and radionuclides. 

One example of an anti-AMH antibody therapy 
is to conjugate the toxic A chain of ricin or a 
modified full length form of ricin (which can no longer 
bind cells) to an antibody directed against the AMH 

20 receptor polypeptide expressed on the surface of 
malignant cells. Such an approach has proved 
successful with blocked ricin conjugated to a 
monoclonal antibody against the CD19 antigen expressed 
on 95% of neoplastic (and normal cells) (Grossbard et 

25 al., Blood . 79, p. 576 (1992). As will be appreciated 
by those of skill in the art, other toxins may be 
equally useful. This approach should prove even more 
successful using an anti-AMH receptor antibody because 
the AMH receptor is only expressed in a very limited 

30 number of tissues, i.e., the adult gonads. 

Another approach to such medical therapies is 
to use radioisotope labeled anti-AMH antibodies. Such 
radiolabeled anti-AMH antibodies will preferentially 
target radioactivity to tumor sites in cells expressing 

35 the AMH receptor, sparing normal tissues. Depending on 
the radioisotope employed, the radiation emitted from a 
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radiolabeled antibody bound to a tumor cell may also 
kill nearby malignant cells that do not express the AMH 
receptor. A variety of radionuclides may be used. 
Isotopes that emit B particles (e.g., 131 I) have been 
5 successful when employed with monoclonal antibodies 
against CD20 present on B-cell lymphomas (Kaminski et 
al. # N. Engl. J. Med. . 329, p. 459 (1993) and Press et 
al. , N. Engl. J. Med. . 329, p. 1219 (1993). Radio- 
nuclides emitting 6 particles generate radioactive 

10 emissions that are tumoricidal over distances spanning 
several cell diameters , permitting the eradication of 
antigen negative cells and diminishing the consequences 
of inhomogeneous deposition of antibody in tumors. 

Radionuclides emitting a particles may also 

15 be employed. The low dose rate irradiation generated 
by radionuclide labeled anti-AMH antibodies may be more 
therapeutically effective than the instantaneous 
irradiation delivered externally in conventional 
radiation therapy. Low dose rate irradiation can 

20 induce apoptosis (programmed cell death) in certain 
cell lines (Macklis et al. f Radiat. Res. , 130, p. 220 
(1992) and Maklis et al., Radiopharm. , 5, p. 339 
(1992) . 

The following procedures for isolating AMH 
25 receptor DNA sequences and polypeptides according to 
this invention are set forth for the purposes of 
illustration only and are not to be construed as 
limiting the scope of the invention in any manner. 
Other methods for isolating or preparing the receptor 
30 polypeptides of this invention will be apparent to 
those of skill in the art. 

Isolation and Cloning of the AMH Receptor 

To isolate and clone the DNA sequences of 
this invention, we adopted a selection strategy based 
35 upon the TGF-6 receptor family. Accordingly, we used 
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64-fold degenerate probe encoding the sequence Tyr Met 
Ala Pro Glu Val [SEQ ID NO: 5], from a highly conserved 
region within the serine-threonine kinase domain of the 
TGF-B type II receptor family to probe a size-selected 
5 cDNA library prepared from fetal ovaries. This tissue 
was chosen for the cDNA library because it responds to 
AMH by a reduction of aroma tase activity. B.Vigier et 
al., PNAS . 86, pp. 3684-3688 (1989). 

Polyadenylated RNA was prepared from 300 

10 ovaries obtained from 22-day-old New Zealand rabbit 

fetuses. J.Chirgwin et al., Biochemistry , 18 r pp. 5294- 
5299 (1979) . Double-stranded cDNA was synthesized 
using M-MLV reverse transcriptase (Superscript Plasmid 
System, Gibco-BRL, Gaithersburg, Maryland) . After 

15 addition of non-palindromic BstXI linkers (Librarian 
kit, Invitrogen, San Diego, California) , the cDNA was 
size-fractionated on a 1% agarose gel and the fraction 
containing cDNA above 1.6 kb was ligated into the BstXI 
site of the plasmid vector pCDM8. The ligated DNA was 

20 electroporated into E.coli strain MC1061/P3 (B.Seed and 
A.Aruffo, PNAS . 84, pp. 3365-3369 (1987) and yielded a 
library of 2.5 x 10 6 independent clones. The library 
was subsequently amplified according to standard 
techniques. From the amplified library, 2 x 10° clones 

25 were screened on Gene-screen filters (New England 

Nuclear, Massachusetts) using the 32 P-labelled 64-fold 

degenerate antisense oligonucleotide probe 

5* AC(C/T)TC(A/G/C/T)GG(A/G/C/T)GCCAT(A/G)TA 3' 

[SEQ ID NO: 6] that encodes the Tyr Met Ala Pro Glu Val 

30 [SEQ ID NO: 5] peptide. R.Cate et al., Cell, 45, p. 685 
(1986). The final wash was at 50°C with 3 . 2M 
tetramethylammonium chloride/ 1% SDS. 

Seven hundred positive clones were detected 
by autoradiography and plated in 96 well plates 

35 (Costar, Cambridge, Massachusetts). A second round of 
screening was performed on nitrocellulose filters which 
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were inoculated with medium from the 96 well plates 
using a manifold prong. Positive clones were colony 
purified, DNA was prepared and subjected to 
dideoxynucleotide sequencing. (F. Sanger et al., PNAS . 
5 74, 5463-5467 (1977)). The protein sequences 

translated from the nucleotide sequences of positive 
clones was compared to the Genebank/EMBL data bases 
using the TFASTA program. W.Pearson et al., PNAS . 85, 
pp. 2444-2448 (1988). 

10 Among the positive clones, we identified 

rabbit cDNAs coding for receptors for several members 
of the TGF-B family, including the activin receptor 
type II (ActR-II) (L.Mathews and W.Vale, Cell , 65 , p. 
973 (1993)), the TGF-B receptor type II (TGFBR-II) 

15 (H.Lin et al. Cell , 68, p. 775 (1992)), and the type I 
receptor identified by R.Ebner et al., Science , 260, 
pp. 1344-1348 (1993) and W.He et al. , Developmental 
Dynamics , 196, pp. 133-142 (1993). One clone, 
designated 7F2, clearly belonged to the TGF-B family of 

20 receptors but differed from the activin and TGF-B type 
II receptors and from the type I receptor reported by 
He et al. Two additional clones related to 7F2 were 
identified among the 700 positive clones. These 
clones, designated 2B10 and 3D6, were completely 

25 sequenced. 

Proteins encoded by clones 7F2, 2B10 and 3D6 
are schematically shown in Figure 1A. The longer 
clone, 3D6, contains a 183 base pair insertion near its 
5* end. We believe that this insertion represents an 

30 extra exon because it stays in frame throughout 

(Figures IB and 1C) and because 3 of its 4 cysteines 
are aligned with those of either the TGF-B or the 
activin receptor (Figure ID) . The presence of the 
extra exon in 3D6 suggests that clone 2B10 is generated 

35 by alternate splicing. Clone 3D6 has a shorter 3» 

untranslated region than 2B10 and contains two introns, 
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A (159 bp) and B (120 bp) . The sequence of these 
clones in the consensus region VIII (Figure ID) is 
Tyr Met Ala Pro Glu Leu [SEQ ID NO: 7] instead of the 
Tyr Met Ala Pro Glu V^l [SEQ ID NO: 5] from which we 
5 designed the probes used to screen the library. 

To obtain a functional full-length clone, we 
constructed a hybrid clone, designated HI, by joining 
the extracellular region of 3D6 to the transmembrane 
kinase region of 2B10 (Figure 1A) at the BspMI 

10 restriction site. The homology of HI with other TGF-B 
family receptors was determined according to Kanehisa 
M. Kanehisa, Nucleic Acids Res. , 14, pp. 203-213 (1984) 
using standard parameters. The intracellular region of 
the HI protein exhibits 30.9% homology with human 

15 TGFBR-II and 31.9% homology with ActR-II. 

Plasmid pB210 is exemplified by a culture 
depositied in the American Type Culture Collection, 
Rockville, Maryland on December 16, 1993 and assigned 
accession number ATCC 69520. Plasmid pHl is 

20 exemplified by a culture deposited in the American Type 
Culture Collection on December 16, 1993 and assigned 
accession number ATCC 69521.- 

Expression Profile of the AMH Receptor 

Because AMH exerts its effects solely on the 
25 reproductive tract, one would expect its receptor to be 
expressed only in reproductive organs. 
Northern Blot Analysis 

A Northern blot analysis of various rabbit 
tissues at different developmental stages using the 
30 following procedures is shown in Figures- 2A and 2B. 

We obtained various tissues from postnatal 
male and female rabbits and 22-day-old fetal rabbits. 
Regression of the male fetal Mullerian duct begins at 
20 days post coi turn and is significantly advanced at 22 
35 days. Puberty in New Zealand rabbits occurs at 
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approximately 12 weeks. We prepared Sertoli cells from 
seminiferous tubules isolated from testicular tissue 
from a 7 -week-old rabbit. The Sertoli cells were 

v purified and cultured as described in B.Vigier et al., 
5 Mol. Cell. Endocrinol. . 43, pp. 141-150 (1985) except 
that the Percoll gradient was omitted. Histological 
examination demonstrated that no germ cells persisted 
after 5 days in tissue culture. 

RNA was isolated as described in J.Chirgwin 

10 et al., Biochemistry , 18, pp. 5294-5299 (1979). 10 
samples were placed in each lane in Figure 2A (except 
for heart which had 7.65 /xg) • 20 /xg samples were 
placed in each lane in Figure 2B (except for 4-week- 
old ovaries which had 18 /ig) . All RNA samples were 

15 electrophoresed on 1% agarose/ 1% formaldehyde gels, 
blotted onto Hybond N membranes (Amersham, UK) , 
hybridized as described in R.Cate et al., Cell , 45, pp. 
685-698 (1986) with the 1963 bp insert of clone 7F2 
removed by digestion with Xhol, and labeled with 32 P by 

2 0 random priming (Megaprime labeling kit, Amersham) . The 
blots were exposed 3 days at -80°C with amplifying 
screens to Kodak XAR film. Size markers were taken 
from the 0.24-9.5 kb RNA ladder (Gibco-BRL) . After 
hybridization, the blots were stripped and rehybridized 

25 with the 1.1 kb PstI fragment of mouse B-actin cDNA. 
S.Alonso et al. , J. Mol. Evol. . 23, pp. 11-22 (1986). 

In Figure 2A, a 2,350 b band is observed only 
in the ovary, the testis and the female fetal 
reproductive tract; a fainter signal is seen in the 

30 male fetal reproductive tract whose Mullerian duct has 
already significantly regressed. This is the expected 
expression profile of the AMH receptor. The ontogeny 
of expression in reproductive tissues is shown in 
Figure 2B. A strong message is observed in the 

35 developing and adult ovary but only faintly during 
pregnancy. In the testis, a comparable message, not 
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affected by tissue culture-induced loss of germ cells 
in seminiferous tubules, disappears at adulthood , 
indicating that it is expressed in immature Sertoli 
cells. 

5 In Situ Hybridization 

To evaluate the specific cells which express 
f the AMH receptor in the reproductive tissues analyzed 
above, we performed in situ hybridization. The 1963 bp 
insert of 7F2 was removed by Xhol and cloned at the 
10 same site in Bluescript KSII+ plasmid vector 

(Stratagene, La Jolla, California) . 35 S-UTP sense and 
anti-sense RNA probes were produced from T7 and T3 
promoters and diluted at 10 5 cpm /il" 1 in hybridization 
buffer and the in situ hybridization was performed as 
15 described in N.Josso et al., Early Hum. Dev. , 33, pp. 
91-11 (1993). Slides were exposed 10 days at 4°C. 
After development, the slides were viewed under dark 
field illumination x 250. 

In situ hybridization (Figure 2C) showed that 
20 the message was expressed in the mesenchyme surrounding 
the Mullerian duct and in granulosa cells of ovarian 
follicles. In the testis, the message was restricted 
to seminiferous tubules. 

Expression of the Two Receptor Isoforms 
25 We performed reverse-transcriptase polymerase 

chain reaction (RT-PCR) to determine the relative 
levels of the HI and 2B10 mRNAs in AMH target tissues 
according to the following procedure. 

RT-PCR was run with 200 units of M-MLV 
30 reverse transcriptase in 40 ^1 of the buffer supplied 
by the manufacturer (Gibco-BRL) containing 1.25 mM 
dNTP, with 5 /xg total RNA and 200 pmol random 
hexanucleotide primer, for 45 minutes at 42 °C. A 4 pi 
aliquot of this reaction product was directly used for 
35 PCR amplification, as described in B.Knebelmann et al. 
PNAS , 88, pp. 3767-3771 (1991) except that magnesium 
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concentration of the buffer was lowered to 1.34 mM. 
Twenty pmol of each of the two oligonucleotides , 
5' GCAGGATGCT GGGCACTCTG 3» [SEQ ID NO: 8] 
C and 5' GTCAGCACCA CAGGAGCAGG 3 1 [SEQ ID NO: 9] 

5 flanking the extra exon were used (see Figure 4 A) , in a 
100 /xl reaction. Amplification was carried out for 30 
cycles of denaturation at 95 °C for 45 seconds, 
annealing at 60°C for 45 seconds, and elongation at 
72 °C for 75 seconds. For control amplification, 50 ng 
10 of DNA of clones or 0.5 fig rabbit genomic DNA were 

used. 15 /il of PCR product were electrophoresed on 12% 
acrylamide:bis 39:1 gels and stained by ethidium 
bromide . 

As shown in Figure 4, both HI and 2B10 are 
15 expressed in AMH target tissues with a slight 

prevalence of the HI isoform. All control tissues are 
negative except male fetal liver, which expresses low 
amounts of the shorter 2B10 isoform. The identity of 
the PCR bands was checked by blot hybridization using 
20 labeled internal oligonucleotides indicated by 
asterisks in Figure 4A. The 5 f oligonucleotide, 
5' CGCAGGAAGC AGTG CCC AAA 3' [SEQ ID NO: 10] hybridizes 
with both the 164 and the 347 bp bands. The other 
oligonucleotide, 5' ACACACAGGT CCTCCTGTTT 3 1 [SEQ ID 
25 NO: 11] hybridizes only with the 347 bp band, specific 
to the extra exon. The band corresponding to 
contaminant genomic DNA begins to emerge in cDNA 
samples which do not contain significant amounts of 
receptor cDNA(s) . 

30 Binding of Iodinated AMH to Clone HI 
Expressed in COS cells 

To confirm that clones HI and 2B10 encode the 

AMH receptor, we introduced these clones into COS cells 

to determine if the transfected cells bind to AMH. AMH 

35 must be cleaved near the C- terminus for bioactivity and 



WO 95/16709 



PCTYUS94/14643 



- 31 - 

the N-terminal fragment must remain associated with the 
C-terminal fragment for full activity. C.Wilson et 
al., Mol . Endocrinol . , 7, pp. 247-257 (1993). 
Therefore, binding studies were carried put with AMH 
5 cleaved by plasmin, which generates a non-covalent 
complex of the N and C-terminal fragments. This 
complex is extremely sensitive to iodination and loses 
bioactivity at specific activities above 4 MCi • 
Full-length and plasmin-cleaved AMH 

10 preparations (C.Wilson et al., Mol . Endocrinol . , 7, pp. 
247-257 (1993)) were iodinated by chloramine T 
Oxidation as described in C.Frolik et al., J. Biol. 
Chem. , 259, pp. 10995-11000 (1984). The resulting 
specific activity was approximately 15-2 5 /iCi and 

15 1-4 jiCi for full-length and plasmin-cleaved AMH, 

respectively. The bioactivity of the labeled 
preparations, checked by the anti-aromatase assay N.di 
Clemente et al., Development . 114, pp. 721-727 (1992) 
after sham labeling with cold iodine, was at least 70% 

20 of the unlabeled control preparation. COS-M6 cells (3 
x 10 5 ) were plated on either poly-D-lysine-coated one- 
chambered Labtek microscope slides or 6-well plates 
(Costar, Cambridge, Massachusetts) . Twenty four hours 
later, cells were transf ected, by the DEAE/chloroquine 

25 procedure as described in A.Aruffo and B.Seed, PNAS . 

84, pp. 8573-8577 (1987) except that all reagents were 
added to the culture medium at the same time. The 
cells were cultured 3 days in Eagle 1 s minimum essential 
medium containing 10% female fetal serum and exposed 4 

30 hours at 4°C to iodinated AMH in RPMI medium (Eurobio, 
Les Ulis, France) containing 0.5% bovine serum albumin. 
Cells on Labtek slides were exposed to a 1 nM 
concentration of either full-length or plasmin-cleaved 
AMH and prepared for autoradiography as described in 

35 L.Mathews and W.Vale, Cell , 65, p. 973 (1993). After 
10 days, the slides were developed, dehydrated, stained 
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with toluidine blue and examined under dark field 
illumination* Transfection efficiency was 
approximately 30%, as determined by transfection with 
B-galactosidase DNA and staining with 5-bromo-4-chloro- 
5 3-indolyl-B-galactopyranoside . 

Results of binding studies with labeled AMH 
preparations are shown in Figure 3. COS cells 
transfected with clone HI bind plasmin-cleaved but not 
full-length AMH; cells transfected with the short 
10 receptor isoform 2B10 or with B-galactosidase DNA do 
not bind plasmin-cleaved AMH. These results indicate 
that HI encodes a receptor that is competent for AMH 
binding, while the truncated form encoded by 2B10 is 
not. 

15 To assure that these results were 

statistically significant, transfected cells (prepared 
as described above) cultured in 6-well dishes were 
exposed to 0.5, 1, or 2 nM iodinated plasmin-cleaved 
AMH, with or without a 100-fold excess of the cold 

20 ligand as described in L.Mathews and W.Vale, Cell . 65, 
p. 973 (1993) and displaceable binding was measured. 





The results 


are recorded 


in Table 


1. 






Table 1 












AMH cone. 


sp act 


displaceable counts 


per min 


25 


(nM) 


uCi/ua 


HI 


2B10 


3F11* 




0.5 


2.6 


1898 




1343 




0.5 


4.1 


1846 


133 


570 




1.0 


1.0 


306 




121 




1.0 


1.0 


228 




-56 


30 


1.0 


1.0 


516 




17 




1.0 


2.6 


2073 


1527 


970 




1.0 


4.1 


2992 


1692 


2457 




2.0 


2.6 


3496 


1681 


2480 



35 * 3F11 is full length cDNA of rabbit TGFBR-II 



Displaceable counts represent the difference 
between mean counts bound to cells exposed only to 
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labeled plasmin-cleaved AMH and that of counts bound to 
cells exposed to both labeled and a 100-fold excess of 
cold ligand, each determined in triplicate. The number 
of counts corresponding to 1 nM of labeled ligand 
5 varied between 150,000 and 1,260,000 cpm, according to 
the specific activity. In the four instances where the 
three clones were tested in the same experiment, 
Student's paired t test analysis shows no significant 
difference between displaceable binding to clones 2B10 
10 or 3F11 (p=0.337). In contrast, displaceable binding 
to clone HI is significantly higher than that to either 
2B10 (p=0.019) or 3F11 (p=0.008) transfected cells. 
When HI was compared to either 2B10 or 3F11 (n=12) , the 
difference was even more striking (p< 0.001). 

15 Isolation of the Human AMH Receptor cDNA 

To isolate the cDNA for the human AMH 
receptor, we screened a human testis cDNA library with 
a DNA probe derived from the rabbit AMH receptor cDNA 
clone HI. The human testis library was made from RNA 

20 isolated from human testis obtained from a 6 month old 
patient with androgen insensitivity . Chirgwin, 
Biochemistry , 18, pp. 5294-5299 (1979). Double 
stranded cDNA was synthesized from polyadenylated 
testis RNA using the Time Saver kit from Pharmacia. 

25 After addition of EcoRl/Notl linkers, the cDNA was size 
selected and ligated into the EcoRl site of Xgtll. 
Aliquots of the ligation were packaged into phage 
particles using Gigapack II (Stratagene) . The packaged 
DNA was used to infect E. coli 1090 cells. Plating of 

30 the library yielded 2.6 X 10 6 independent plaques and 
was subsequently amplified. The titre of the phage 
library was 8.5 X 10 10 pfu/ml. 

We screened the library with a random primed 
probe derived from the rabbit AMH receptor cDNA clone 

35 HI, using the plaque hybridization screening technique 
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of Benton and Davis ( Science ,, 196, p. 180 (1977)) • 2 X 
10 6 plaques were screened on Hybond N (Amersham) filters 
with the 32 P-labeled probe. The 2494 bp probe was 
derived from clone HI by digesting plasmid HI with 
5 Xhol, purified on an agarose gel, and 32 P-labeled using 
the random priming method (Megaprime labeling kit, 
Amersham). Conditions were standard, and the final 
washing conditions were 2 X SSC, 0.1% SDS at 55°. We 
detected positive hybridizing clones by 

10 autoradiography. These plaques were isolated and 
rescreened at lower density, until completely pure. 

DNA was purified from one of the positive 
clones, designated A-hAMHR-3. The insert was removed 
with EcoRl and cloned into the EcoRl site of plasmid 

15 Bluescript KS II (+) . The resulting plasmid was 
designated KS-hAMHR3-2. The insert was completely 
sequenced by the method of Sanger et al. and is shown 
in SEQ ID NO: 12. A comparison of the predicted amino 
acid sequence with that of the rabbit AMH receptor is 

20 shown in Figure 5 [SEQ ID NO: 4 AND SEQ ID NO 13]. The 
two proteins share 82% similarity, indicating that 
clone 3-2 encodes the human AMH receptor. 

Plasmid hAMHR3-2 is exemplified by a culture 
depositied in the American Type Culture Collection, 

25 Rockville, Maryland on December 13, 1994 and assigned 
accession number ATCC 



Genetic Evidence that Clone 3-2 Encodes 
the Human AMH Receptor 

In order to prove that clone 3-2 encodes the 

30 human AMH receptor, we analyzed the gene that encodes 

the 3-2 cDNA in normal humans and in humans who suffer 

from possible mutations in the AMH receptor. These 

males are externally virilized but retain a uterus and 

fallopian tubes, a condition termed Persistent 

35 Mullerian duct syndrome (PMDS) . It has been shown that 
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in some of these patients , the gene for AMH contains 
mutations, rendering the AMH that is produced 
nonfunctional. Imbeaud et al., Hum . MoL Genet . . 3, pp. 
125-131 (1994). This accounts for the persistence of 
5 the Mullerian duct in these individuals, since no 
functional AMH is present to cause the regression of 
the Mullerian duct during fetal development. However, 
some individuals that suffer from PMDS have completely 
normal AMH, indicating that their AMH receptor may be 
10 nonfunctional due to mutations. Thus we wanted to 
analyze the gene that encodes the 3-2 cDNA in such 
individuals to see if they did indeed contain a 
mutation. 

A portion of the gene was analyzed in a 2.6 

15 year old patient (Patient T.A.) with AMH positive (i.e. 
functional AMH could be detected in a testicular biopsy 
sample) PMDS. Single strand conformational 
polymorphism (SSCP) analysis [Orita et al., PNAS, 86, 
pp. 2766-2770 (1989)] was performed on PCR products 

20 generated from DNA isolated from lymphocytes obtained 
from patient T.A. and from a normal human male, using 
primers designed from the 3-2 cDNA clone sequence. 
This analysis allows the detection of single base 
changes. The SSCP analysis detected a polymorphism in 

25 a portion of the gene that encodes the extracellular 
domain of the receptor. Two PCR primers (is [SEQ ID 
NO: 15] and 2a [SEQ ID NO: 16]) were then used to 
amplify the portion of the gene which contained this 
polymorphism. The PCR product was cloned into the 

30 pGEM-T cloning vector using the AT cloning method of 
Promega and sequenced. The sequence is shown in 
Figure 6 [nucleotides 401-800 of SEQ ID NO: 14]. The 
sequence covers an exon from the extracellular domain 
and an adjacent intron. At the junction of the exon 

35 and intron, one finds the dinucleotide sequence AT, 

instead of the GT dinucleotide sequence found at the 5" 
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end all introns, indicating that the receptor gene in 
patient T.A. contains a splicing mutation. 

To confirm that this change is indeed a 
mutation, we cloned a portion of the gene from a human 
5 genomic \EMBL4 library. This library was made with 

genomic DNA isolated from normal human muscle, thus any 
3-2 receptor gene isolated from this library should 
have a normal (i.e. wild type) sequence. The gene was 
cloned from the XEMBL4 library using standard 

10 conditions, and using the insert from clone 3-2 as a 

probe. A clone (51bb) containing the 5 1 portion of the 
gene was isolated, DNA was purified, and a 8 kb EcoRl 
fragment was excised and subcloned into the vector 
Bluescript KS II (+) to generate clone 3-35. A partial 

15 nucleotide sequence derived from clone 3-3 5 is shown in 
Figure 7 [SEQ ID NO: 14]. It covers the first two 
exons and a portion of the third exon, all of which are 
within the extracellular domain of the receptor. The 
sequence also contains two introns, shown in lower 

20 case. Both introns begin with the dinucleotide GT and 
end with the dinucleotide AG. It is the GT 
dinculeotide in the second intron shown in Figure 7 
[SEQ ID NO: 14], which has been mutated in the gene of 
patient T.A. 

25 Furthermore, both receptor genes of patient 

T.A. contain this mutation, which is consistent with 
the fact that PMDS is an autosomal recessive genetic 
disease (i.e. the function of both genes must be 
eliminated in order to see a phenotype) . The G>A 

30 mutation destroys an Hph 1 site; thus one can assess 
the presence of the mutation by digesting the PCR 
fragment (generated with primers Is [SEQ ID NO: 15] and 
2a [SEQ ID NO: 16]) with Hph 1. The PCR fragment made 
from normal DNA was completely digested with Hph 1, 

35 while the PCR fragment made from patient T.A. DNA was 
resistant to digestion with Hph 1, indicating that both 
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alleles contain the OA mutation . This implies that 
the patient inherited one mutant gene from each parent. 
Indeed, an Hph 1 digestion of the PCR fragment made 
from the DNA of the mother and father indicated that 
5 only 50% of the fragment could be digested (i.e. both 
the mother and father have one normal gene and one 
mutant gene) . 

In order to demonstrate that the mutant gene 
causes a problem with splicing, RNAs isolated from a 

10 testicular biopsy of patient T. A. and from normal human 
fetal testis were subjected to RT-PCR using primers is 
[SEQ ID NO: 15] and 3a [SEQ ID NO: 17]. The PCR 
products were analyzed by agarose gel electrophoresis 
(Figure 8); they were also cloned into the pGEM-T 

15 vector using the AT cloning method of Promega and 
sequenced. Only one fragment was produced with RNA 
from the normal samples, while two variant PCR products 
were produced from patient T. A. RNA (Figure 8) . The 
large fragment was shown by sequencing to contain a 

20 portion of the intrbn (12 bp), reflecting an aberrant 
mRNA that was generated by use of a cryptic splice 
donor site downstream of the mutated donor site (Figure 
9) . The smaller variant PCR fragment was shown by 
sequencing to be missing the second exon; this product 

25 reflects an mRNA that has undergone exon skipping. The 
smaller mRNA would be expected to produce a non- 
functional receptor, since it is identical to the 
alternately spliced receptor (2B10) produced in the 
rabbit, which we have shown cannot bind AMH. The mRNA 

30 that is produced by cryptic splicing would contain a 4 
amino acid insertion in the middle of the extracellular 
domain , and would also be expected to be non- 
functional. 

Therefore, the presence of a splicing mutation 
35 in both copies of the 3-2 gene in patient T.A. who 
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suffers from PMDS, confirms that the 3-2 gene encodes 
the AMH receptor* 

Expression of the AMH receptor in a Tumor Sample 

To demonstrate that the AMH receptor can be 
5 used to direct a toxin to a tumor cell, it is necessary 
to show that tumors express the AMH receptor. We have 
used RT-PCR to show that four granulosa cell tumors do 
express the AMH receptor. RNA was isolated from the 
tumor samples and subjected to RT-PCR using two primers 
10 (Is [SEQ ID NO: 15] and 2a [SEQ ID NO: 16]) from the 
human AMH receptor cDNA sequence. As shown in 
Figure 10, a PCR product of the expected size is 
generated from the RNA of these tumor samples. 

Therefore, a toxin coupled to an antibody 
15 against the AMH receptor can be used to eradicate these 
tumors . 
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SEQUENCE LISTING 



(1) GENERAL INECPMKE33CN: 

(i) AFffiECANT: HEOGEN, INC. 

CAIB, Richard L. 
INSEIW, (U.293) 
JOSSD, Nathalie 

(ii) TTilE OF 3NVENEDCN: ANI3-OTrraiaN KWtNE REEEHCR 
POLYPEPTIDES AND ANTTHTTTES THERETO 

(iii) NIMBER OF SEQUENCES: 17 

(iv) (AWP^K M i fcN rc? AECRESS: 

(A) AECRESSEE: c/o FISH & NEAVE 

(B) SHEET: 1251 Avenue of tha Americas 

(C) CTIY: New York 

(D) SIAXE: New York 

(E) OXNIRY: U.S.A. 

(F) ZIP: 10020 

(v) CEMTOTER READABLE FORA: 

(A) MEDILM TYPE: Flaggy disk 

(B) OCMFUHR: IH* PC ai i |HtihlPi 

(C) CEERAOCING SYSTEM: PC-DCS/MS-DOS 

(D) SOFIWARE: Ifetentln Release #1.0, Versicn #1.25 

(vi) CURRENT AFPLECKTICN DA3A: 

(A) AECTJCKEECN NIMBER: 

(B) FTTiTNG DATE: 

(C) CIASSIETCfflTjCN: 

(vii) IKECR APELICKEKN DMA: 

(A) AFPLTCAHCN NLKBER: US 08/166,333 

(B) EUJNG DATE: 13-DH>1993 

(vii) ERKR APPLICATION DATA: 

(A) AFPLrCKTECN NLKBER: US 08/173,512 

(B) FILING DKEE: 23-DEC-1993 

(viii) ATTORNEY/AGENT INECPMAITLCN: 

(A) NAME: Haley Jr. f Jamas F. 

(B) REHESIRArcCN NLMBER: 27,794 

(C) REHRENCE/DOCKET NLMBER: B174CEP 

(IX) TEIHXTMKECSffiCCN INFOEWKTICN: 

(A) TEXEEKNE: (212) 596-9000 

(B) TFT EFAX: (212) 596-9090 
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(2) INFCRKEECN KR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENCTrl: 2228 base pairs 

(B) TYPE: nucleic acid 

(C) SmfiN nFTWESS: single 

(D) 'vjtuLOGX: linear 

(ii) M32EULE TflPE: cCNA 

(ix) FEMURE: 

(A) NAME/KEY: miscjfeactute 

(B) IiXKETCN: 1..2228 

(D) OTHER INFOFmiTCN: /note= "clcre 2B10" 

(ix) FEMURE: 

(A) NAME/KEY: sig_p=pt±cfe 

(B) KX^TICK: 62.. 112 

(ix) FEMURE: 

(A) NAME/KEY: inatjpeptide 

(B) nXKEECN: 113*. 1585 

(ix) E3MURE: 

(A) NAME/KEY: misc_feature 

(B) LOCKLTCN: 113.. 310 



(ix) IEKEURE: 

(A) NAME/KEY: miscfeature 

(B) IDCATrCN: 311. .388 

(D) OTHER INFtXWOTICN: /n*e= ••txarenenteare region" 

(ix) FEOTURE: 

(A) NAME/KEY: nuscjFeature 

(B) IDC3mjCN: 389. .1585 

(D) OTHER INFCPMAIICN: /rote= "cytoplasmic dcnain M 

(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) HXKTXCN: 200.. 205 

(D) OTHER INFCXMKTICN: /rote= "BspMl restriction site" 
(xi) SEQUENCE DESCRIPTION: SEQ ID ND:1: 
AAAG3SAGCE 00000303: TO3O03IQC TC3XJC1UCTG OTSOQOCAC 0OGCG3CAG 
GATOOQ33C AOOGQ33C THUJUUBCP QJIICUIUOG QCTGIGCAGG GATOOQGAGA 

aoGAaaG aaarauiG agktcitag ogigacdce pgcxxxxxzg ctctosotg 
aciG3cia: aoootca aroaaoc lajiGamc TiaocftAiG aTwrrara 

OCAiaaoCT CETCKm3G Q0JOQ3SAC TrrnrtTYrrr amziaXE AGQOGCOac 



60 
120 
180 
240 
300 
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AJ^IGACTOC CCSCD3GKIQG CftCTOQCXXT GCT33QGCIG CTCOQGIQC TCCTGCXQCT 360 

OSUiU OTIGTOGIQS Q0GAAftG30C 03000310: ASftGIQQQOC 420 

GC203»CIG C2^3IGM3^ CIQCXDSMC TQCXJGCAQCT 480 

GDXT3CTX OGSICTTCE G3mMGBQG TCR03033CA GIGTO3GCIG GQCa3CIQCA 540 

A3Q0GBGCIG GIXZCCCKTCk AiilUl'lUX: COQSmXX: TOXAGCTCA 600 

offlsacriG amGftxroc amm GcacaAccac c nuiuxa r Tganrro c 660 

TOQC CT GQ35 Q2 R O0Q3G0C CXlXZCt^GCTlIC raiSOTOClG CD3SEACIGG AACTOC&GOC 720 

C3\M33CTCX: CTGIQCOCT GACTGGQGAA GTIOXIGfiG 780 

GASQ3CTCIG TCTTERGOCC MQG0CTG3C AiTlULUJAT GMSMOQCT G3CMGKD3S 840 

OZPGTMZbPG uuiUiJJflTIG CXXEOOGSGA. TCIGMC2GC 900 

TCIQCEKTIG GfiGftCXnOOG 0CIQGCLT1G GTOCTOaCIG GITTCECTCA 960 

Qocrasrooc imrnric axamxa; AGoacxaoaG GocarcAiaG mqoceqcac 1020 

ACRGfiOSEAC ASdCl'lUGA O^JCUTCIG GACCEOGG jOGGGGCAC 1080 

TOOXTOC QS OSAGOOGfiOG TCT7V.!10CIT QQOOCIQCTC T0CTGM30QG 1140 

crocaaoGftT tigagqocxg MoocasAac Aaaaacric cmctgqctt AiG&Mcwsk 1200 

ACXG3GCMC GCdXX^XA 0CTCIGW3CT GIQ9QO0CIG GCBGiaGMS PGMXSXjGCG 1260 

omrarc camju u rr G^rocrocrr TGcracaGAc e magggagc: iraoasMcr 1320 

GOGSMG&C TOdOGCSAOS OGA03I3GA A3CX30GgCD3 ACQQOOGfiGT GIGTXAGCA 1380 

GCGCCT3GIG GOGCIGSnC MDCTCMSV G3CCX3G0X TOGCCTGflGG GOOSIOCaCA 1440 

CM3GCMXX2L GAAGACXGQC CXXXZIQCIKC 1G00XTGCC 02IGCTCXOC TXXXJJ33C2G 1500 

craaGOOG GcamiLiuj AJULULJiur iraGCAAaa: crrracKrA ggaaoxxbs 1560 

McraazDsr gctzcttcig aojkid^aat amoctttc tctoeamct AxrcimAftc 1620 

GTAAACKD3G CTCIGGmm CXIGICTCCT CTOCTTCKE AXTmOC QUIIXLUJAA 1680 

TCEGTI5V33C MGAMCTOS AAAIIGSGCE T&JGIGIGIG TCIGIGMftC MG0CXGA&3 1740 

KXKXAGCC OTD3CM3W^3 O0CEMAAAC 0C7VXKICrT GCaCTK3£A GICCE303CA .1800 

GWJL3LILUU1A AOCTOCOGG TGCTOOCMC OCCTODCTCA £G3CAAftClC CCMG?£MT 1860 

TCTcrcrocr cmsadcaaa uuLx^imrr gatcigki3\a acraaocKr aaamcttca 1920 
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OGMSroOCC TIQCOGOA ACT3GGGRG KllTlCftCIC AACAAA03CT 1980 

Traccraos c ro crxr n c muiuauG aqs^aamg GaoCTaosr A AacaGAcnr 2040 

CTTAAAAAOC ^ACIGSOCA OQCBCTC&GC (jatmTJC TCTOCCTOQC 2100 

esoaoQac ro ocrrocrrsG GiGEKncrc Tixrnai^c aaniraocr mm 2ieo 

ogbjuuc i c ' ici G icimc ercroerarr tctctgrtoc o^itiroracA ai^^ 2220 

TCACXCTC 2228 



(2) mFCPMAITECN FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACLlKLbTIGS : 

(A) IIN3IH: 2408 base pairs 

(B) TYPE: xucleic acid 

(C) SIRANDEENESS: single 

(D) TORXCry: linmr 

(ii) M3LHULE TffiE: cCNA 

(ix) FEMURE: 

(A) NfiME/KEY: xnisc_feature 

(B) LXKTICN: 1..2408 

(D) OIHER INFCBMAIICN: /rote= "clcns HI" 

(ix) EEKKFE: 

(A) NAME/KEY: sig_peptida 

(B) KXaTTCN: 59.. 109 

(ix) FEHTURE: 

(A) NSME/KESf: matjeptids 

(B) LXmCN: 110.. 1765 

(ix) FEKHIRE: 

(A) NAME/KEY: misc_feature 

(B) KXMSCN: 110.. 490 

(D) OIHER INFO^KITCN: /note= "extraoelliilar dam in" 

(ix) FISSURE: 

(A) NAME/KEY: miscJfeaturB 

(B) KCKHCN: 491. .568 

(D) OIHER INPCRIftlTCN: /note= 1 ^trananaiixane regicn" 

(ix) FEOTKE: 

(A) NAME/KEY: misc_feature 

(B) LOCAITCN: 569.. 1765 

(D) OIHER INFtSWKEICN: /note= "cytoplasmic danain" 
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(ix) FraaURE: 

(A) NAME/KEY: miscfeature 

(B) IDGKEECN: 108 ..290 

(D) OTHER INFOWKEISCN: /note= "extra excn missing in 2B10" 

(ix) FEKKJRE: 

(A) NBME/KEY: miscjfeature 

(B) ICCKEKN: 380.. 2£5 

(D) OTHER INKK^TTCN: /note= "BspMl restriction site" 

(ix) FEKHJRE: 

(A) NBME/KEY: inisrv feature 

(B) DXKHCN: 2390. .2395 

(D) OTHER I1n[HK©3TCN: /note= "poly A signal seq u ence" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
QQGaQOQCTC G003GGCIQG CTG 3TOCICT CCT3CTQQ3G CIGOCROCCT GQGQCAQGAT 60 
GCIQQQCaCT CTOQGGCITT Q0QC3ODCr TOCHGOQGCT GIQC703CAC a2X2AAC2G 120 
GfiGGBOCICT CTCTICTTIG A3G0CXCT3S AGB303333A PGCPCPAMZA CftCIGQQ33A 1B0 

GCiQCTRGKr QcaoGAocaG GGncaxms ajrimuuGC TOcarracA gojlxjigctg 240 

CXTilUUtaCTC TOS^OCTftA OGGGAGAOCA Q3CACW3GIG GAIGOXfiCA 300 

cbotgacgag raarroiG Asrarrc&G auiuaocri; Moacxrrac ccroracraG 360 
aauGaoc acicicrTCA cnaarnrG tostoctcac Ticraa\AiG ocmcbog 420 
cct tc i qcct u^eiaaGos occam a c Toaajcojc eaooCTxec mgooocxx: 480 

(JGCB3GKK3G CACIG30GCT GCT3GQQCIG GlOliUCIQC TGC1LUC1LUCT 540 

Gcrogscosr aeigk ctg s ckjiuciua gogaasgooc taqqcsotgc AaGiQaoac 600 

QC3V393ACIG CMIGAGGK5 CT30CDSAQC TOCXXOGCT 660 

GlUJIiltJIUJ C^TCATOC TCAOQ0QGCA GIGIGQ3CIG GQCBGCTOCA 720 

MQQGRGCIG GIQXCATCA AQOTCTIO0C 0X2303000 GIQOOaC&CT TOCGMCTGA 780 

CTGW3CCTIG T&1GMOTGC C1333XTOCA GCSCAACOC OTTSKXEKT TIKTOGCIGC 840 

Taxavyre oaoaaaacc arroexxric TO agomc ro ctoieaciqg aacrocAar 900 
CMaoxroc ciuiax^r AascraacA GcscAcrMr gacpoqogaa gitoocigrg 960 

GraDQCTCIG TCTTIMOCr: MQQOdQQC AITICIU^ T GM3AG03CT 1020 

ccpcm^G oc rosmriG oraoam tctskscmc c3gaatgt3c tcatocgosa ioso 

A S I L LLXJILA TCIGQCOTIG OGftOCXGOG OdQQOCTIG GIGCTCOCIG GlTlULXlLtA 1140 



WO 95/16709 



PCT/US94/14643 



- 44 - 





irmrrnr cucnaxizs MmxaGas gqohckibs raznixac 


1200 




Mocxm^G AaaciiOA cAAJiaau GAUjrac&GG aoojgl^gac 


1260 


luxmu us 


aaarnAos tceoxtt am^oac uuiusra tozigagcxe 


1320 


dOODGQGAT 


TDaGQgJG Aa33C2ffia: ram carann MGAracaGA 


1380 


ACTQ33CMC 


GocaraocA cx^tcmct caoaocrciG g&gip&gg asqgroxg 


1440 


cmoorc 


omiLuiaiT cumauciT iuuljacaljac oxpgosqgc Tamper 


1500 


GCK3GMGAC 


TOCIQ3GACG C?^fim A3CGCQ3CIG CTGKTAGCA 


1560 


GUGXriOSIG 


GOCXILUJriU AiaZCOGSA GOTCTGOX IQOCCfiGMG G03GTEOCACA 


1620 




GAMAciasc ctu'iinu: mu.nar cuiuciCLu: innnrvc 


1680 




aaGtxmx: ACi'iazsiGr auo^Moc cltjiuua u^awjuuugg 


1740 




Gocacjriciu AanciaAAT amczctitc ictgimict AocroiaAAC 


1800 


GIAAJOTOG 


araoGram uauiciua 4 ciGGacra; joultiiu: amxm 


1860 


TCK3TIM3C 


MSAMOGS AAA3TGM0C TA2GIGIGIG TCIGIGPGAC AG30CIGA2G 


1920 




ATIGCJsGMG OXTPSAAftC OCBGCKICrr GCACTTCAGA UlU^OXOV 


1980 


GflOCCTQCHA 


Kxnaxaos rosKPcaGC uaiuuauv aggcaaacic ocaggagaat 


2040 




fw .y -VV/ ' T' 'A A A f -Y -T -7 1 '! "AT Y * 1 1 fTVir Mr-vVTTAA fTVf^TV -X -T '-X'TAT* AAAAdTTTCA. 


2100 




TIGOCKX^A AOJ1U3GGAG GAAJTTGCAA ALTl'lCACDC AACAAAOCTT 


2160 


TOcaocaoGS 


aajimi' muiuauj mgmaamg gmgigsgia aacmacice 


2220 


CTUMAACC 


TOQQGftCTOC AAACIGAOCA 03CACK2GC UaCLLJGCIC TCIGOCTAGC 


2280 


OG0DCI3CU1G 


GOCiGOtraG Giuimacic tiurbiumc o^gigaot immau 


2340 




tcigicigic anuum 1 UGACALmuc ajrciuxo^ ataaaocita 


2400 


TO£TCIG 




2408 



(2) INTONATION FCR SEQ ID ND:3: 

(i) SEQUENCE OiARACTEKISrrCS: 

(A) 508 amino acids 

(B) TYPE: amino acid 
(D) TCKfLOGVT: linmr 
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(ii) MXHT.ILE TYPE: pT^^ 3 

(ix) FE2OTRE: 

(A) NAME/KEY: Dcnain 

(B) LOCKEICN: 18.. 83 

(ix) FEKKIRE: 

(A) NAME/KEY: Peptide 

(B) LXBITCN: 18. .508 

(XL) SEQUENCE raSCRDPECN: SEQ ID N0:3: 

tet Leu Gly Uir Lai Gly Lai Trp Ala Leu Leu Pro Ala Ala Val Gin 
15 10 15 

Gly Cys Arg Asp Ser Asp Glu Pro Gly Cys Glu Ser Lai Ser Cys Asp 
20 25 30 

Pro Ser Pro Arg Ala Arg Ala Ser Ser Gly Ser Thr Lea Fhe Thr Cys 
35 40 45 

Ser Cys Gly Ala Asp Fbs cys Asn Ala Asn Tyr Ser His Lai Pro Pro 
50 ~ 55 60 

Lai Gly Gly Pro Gly Thr Pro Gly Pro Gin Gly Pro Gin Ala Ala Pro 
65 70 75 80 

Gly Glu Ser Pro Trp Mat Ala Lea Ala Lai Lai Gly Lai Val leu lea 
85 90 95 

Lai Leu Leu Lai Leu Gly Gly He Val Val Ala leu Leu Gin Arg Lys 
100 " 105 U0 

70a Tyr Arg Val Gin Ser Gly Pro Glu Pro Glu Pro Asp Ser Gly Arg 
115 120 125 

Asp Cys Ser Glu Glu Leu Pro Glu Leu Pro Gin Lai Cys Rie Ser Gin 
130 135 140 

Val lie Arg Glu Gly Gly His Ala Ala Val Trp Ala Gly Gin leu Gin 
145 150 155 160 

Gly Glu Leu Val Ala He lys Val Fhe Pro Arg Arg Ala Val Ala Gin 
165 170 175 

Ite Arg Ala Glu Arg Ala Lai Tyr Glu Lai Pro Gly Lai Gin His Asn 
180 185 190 

His Val Val Arg Fte lie Ala Ala Gly Gin Gly Gly Pro Gly Pro leu 
195 " 200 205 

Pro Ser Gly Pro Dai Lai Val Lai Glu leu His Pro lys Gly Ser Leu 
210 215 220 
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Cys Gin Tyr leu Ser Gin His Iftr Ser Asp Trp Gly Ser Ser l£u Arg 
225 230 235 240 

Mst Ala Lai Ser Isa Ala Gin Gly Lea Ala Fte Lax His Glu Glu Arg 
245 250 255 

Trp Gin Asp Gly Gin Tyr Iys Pro Gly lie Ala His Arg Asp Lai Ser 
260 265 270 

Ser Gin Asi Veil Leu lie Arg Glu Asp Gly Ser cys Ala lie Gly Asp 
275 280 285 

Leu Gly Lai Ala Leu Val Lai Pro Gly Ite Ala Gin Pro Arg Ala Ttp 
290 295 300 

Ala Pro Pro Gin Pro Arg Gly Pro Ala Ala He Met Glu Ala Gly Thr 
305 310 315 320 

Gin Arg Tyr Met Ala Pro Glu Leu Leu Asp Lys Ser Leu Asp Lai Gin 
325 330 " 335 

Asp Trp Gly Thr Ala Leu Arg Arg Ala Asp Val Tyr Ser Leu Ala Lai 
340 345 350 

Lai Leu Trp Glu lie Leu Ser Arg Cys Pro Asp Leu Arg Pro Asp Gly 
355 360 365 

Arg Pro Pro Pro Fte Gin leu Ala Tyr Glu Ala Glu Leu Gly Ser Ala 
370 375 380 

Pro Thr Thr Cys Glu Lai Trp Ala Lai Ala Val Glu Glu Arg Arg Arg 
385 390 395 400 

Pro Asp lie Pro Ser Ser Trp Cys Cys Fhe Ala Iftr Asp Pro Gly Gly 
405 410 415 

Lai Arg Glu Lai Lai Glu Asp Cys Trp Asp Ala Asp Pro Glu Ala Arg 
420 425 430 

leu Thr Ala Glu Cys Val Gin Gin Arg leu Val Ala Lai Val His Pro 
435 440 445 

Gin Glu Ala Gin Pro Cys Pro Glu Gly Arg Pro His Ser His Pro Glu 
450 455 460 

Asp Trp Pro Pro Ala Pro Ala Pro Ala Pro Ala Leu Leu Pro Gly Ser 
465 470 475 480 

Pro Gin Pro Gly Ala cys His Ite Gly Val Gin Gin Gly Leu cys Ser 
485 490 " 495 



Arg Asi Pro Gly Ala Ala cys Ala Ser Ser Asp Val 
500 505 
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(2) FOR SEQ ID N0:4: 

(i) SEQUENCE CHfiKtfTFRISIICS: 

(A) UEN3IH: 569 amino acids 

(B) TYPE: amino acid 
(D) TCPQLOCT: linear 

(ii) mLEOJLE TYPE: peptide 

(ix) FEKIURE: 

(A) NfiME/KEX: Domain 

(B) LX&TECN: 18.. 144 

(ix) FEATURE: 

(A) NAME/KEY: Raptide 

(B) ICCKEECN: 18.. 569 

(xi) SEQUENCE DESCRIPIICN: SEQ ID NO:4: 

Mst leu Gly Hit Leu Gly Leu Tcp Ala Leu Leu Pro Ala Ala Val Gin 
1 5 10 15 

Ala Pro Pro Asn Arg Arg Thr cys Val Ite fte Glu Ala Pro Gly Val 
20 25 30 

Arg Gly Ser Tfcr Iys The l£u Gly Glu Leu Lai Asp Ala Gly Pro Gly 
35 40 45 

Pro Pro Arg Val He Arg cys Leu Tyr Ser Arg cys cys Rie Gly lie 
50 55 60 

Trp Asn Leu Ihr Arg Asp Gin Ala Gin Val Glu Met Gin Gly Cys Arg 
65 70 75 80 

Asp Ser Asp Glu Pro Gly Cys Glu Ser Leu Ser Cys Asp Pro Ser Pro 
85 90 95 

Arg Ala Arg Ala Ser Ser Gly Ser Ihr Leu Ebe Hir cys Ser cys Gly 
100 105 110 

Ala Asp ite Cys Asn Ala Asn Tyr Ser His Lax Pro Pro l£U Gly Gly 
115 120 125 

Pro Gly 3hr Pro Gly Pro Gin Gly Pro Gin Ala Ala Pro Gly Glu Ser 
130 135 140 

Pro Trp Met Ala Leu Ala leu Lai Gly leu Val leu leu Leu leu Lai 
145 150 155 160 

leu Lai Gly Gly lie Val Val Ala leu Lai Gin Arg Lys Ala Tyr Arg 
165 170 175 

Veil Gin Ser Gly Pro Glu Pro Glu Pro Asp Ser Gly Arg Asp Cys Ser 
180 185 190 
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Glu Glu leu Pro Glu leu Pro Gin Leu cys Fhe ser Gin Val lie Arg 
195 200 205 

Glu Gly Gly His Ala Ala Val Tip Ala Gly Gin leu Gin Gly Glu Lea 
210 215 220 

V^AlanelysValteProArgArgAlaV^ 

225 230 235 240 

GluArgAlalfuiyrGluLeuProG 

245 250 255 

Arg Ite lie Ala Ala Gly Gin Gly Gly Pro Gly Pro Leu Pro Ser Gly 
260 265 270 

Pro Lea Lea Val lea Glu lea His Pro Lys Gly Ser leu Cys Gin Tyr 
275 280 285 

Lea Ser Gin His Thr Ser Asp Trp Gly Ser Ser leu Arg M2t Ala Leu 
290 295 300 

Ser lea Ala Gin Gly leu Ala Fte Lea His Glu Glu Arg Trp Gin Asp 
305 310 315 320 

Gly Gin Tyr Lys Pro Gly lie Ala His Arg Asp leu Ser Ser Gin Asn 
325 330 335 

Val Leu lie Arg Glu Asp Gly Ser cys Ala lie Gly Asp Leu Gly Lea 
340 345 ~ 350 

Ala Leu Val leu Pro Gly Phe Ala Gin Pro Arg Ala Trp Ala Pro Pro 
355 360 365 

Gin Pro Arg Gly Pro Ala Ala Lie Mat Glu Ala Gly Thr Gin Arg Tyr 
370 375 380 

Met Ala Pro Glu Leu Leu Asp lys Ser Lea Asp Lea Gin Asp Trp Gly 
385 390 395 400 

Thr Ala Lea Arg Arg Ala Asp Val Tyr Ser Leu Ala Leu Leu Leu Trp 
405 410 415 

Glu lie leu Ser Arg Cys Pro Asp Leu Arg Pro Asp Gly Arg Pro Pro 
420 425 430 

Pro Ite Gin leu Ala Tyr Glu Ala Glu leu Gly Ser Ala Pro Thr Thr 
435 440 445 

Cys Glu leu Trp Ala leu Ala Val Glu Glu Arg Arg Arg Pro Asp lie 
450 455 460 



Pro Ser Ser Trp Cys cys Fte Ala Thr Asp Pro Gly Gly leu Arg Glu 
465 470 475 ^ 480 
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Leu Leu Glu Asp Cys Ttp Asp Ala Asp Pro Glu Ala Arg Leu Hit Ala 
485 490 495 

Glu<^ValGlnGln^LsuValAla^ 

500 505 510 

Gin Pro Cys Pro Glu Gly Arg Pro His Ser His Fro Glu Asp Trp Pro 
515 520 525 

Pro Ala Pro Ala Pro Ala Pro Ala Lai Leu Pro Gly Ser Pro Gin Pro 
530 535 540 

Gly Ala Cys His Ehe Gly Val Gin Gin Gly Leu cys Ser Arg Asn Pro 
545 550 555 560 

Gly Ala Ala Cys Ala Ser Ser Asp Val 
565 



(2) INFCCMKCTCN FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEN3IH: 6 amino acids 

(B) TOPE: amino acid 
(D) TOPGLDGl: linmr 

(il) ynrfnirn type: pT^f* 3 

(xi) SEQUENCE DE9CRIPITCN: SEQ 3D NO: 5: 

Tyr Met Ala Pro Glu Val 
1 5 



(2) 3NFCR4KCICN FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STOANnFTNESS: single 

(D) TCTOLOGtf: linear 

(ii) ynrmFF type: ccna 

(xi) SEQUENCE DESOOPEICN: SEQ ID NO: 6: 
AOfKNQGNG OCA3REA 17 
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(2) INKR^rrCN TOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) I£N3IH: 6 amino acids 

(B) TYPE: amino acid 
(D) luKaLOGY: linflar 

(11) M3UEHHZ TYPE: p=pt:irlp 

(xi) SEQUENCE DESCRIPTION: SEQ ID M3:7: 

Tyr tet Ala Pro Glii Leu 
1 5 



(2) INECS^RTICN FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARAC3IRISITCS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: ramie ic acid 

(C) SIRANDEENESS: single 

(D) lUtOLOGY: linear 

(ii) M3UEEUIE TYPE: cCNA 
(xi) SEQUENCE DESLklPixCN: SEQ ID NO: 8: 
GCAG3ATOCT GQC9CZOCTG 20 



(2) INFCR4A3TCN FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) DEN3IH: 20 base pairs 

(B) TYPE: rtcleic acid 

(C) SIRANDEENESS: single 

(D) TCFCfl cry: linmr 

(ii) MUEULE TYPE: cCNA 
(xi) SEQUENCE DESCRIPnCN: SEQ 3D N0:9: 
GTCAGCAOCA 20 



(2) INFCFMKTICN FDR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) HiNSlH: 20 base pairs 

(B) TYPE: ixjcleic acid 
(Q SIRANDEENESS: single 
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(D) TCFCHJDGY: linear 
(ii) VCLEOJLE TOFE: cCNA 
(Xi) SEQUENCE DESOOPIIEN: SEQ ID NO: 10: 
COCAGGAAGC PGJJGCC&AA 20 



(2) INKK©ITCN FOR SEQ ID N0:11: 

(i) SEQCJENZE OlARACTEKISITCS: 

(A) LENGflH: 20 hose pairs 

(B) TYPE: nucleic acid 

(C) snWEEENESS: single 

(D) TCPdlDGY: linear 

(ii) MXE3JLE TYPE: cCNA 

(xi) SEQUENCE DE9C3QPTICN: SEQ ID NO: 11: 

AoocMsr ociacnCTrr 20 



(2) INFCEWKEECN KR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERESITCS: 

(A) LEN3IH: 1833 base pairs 

(B) TYPE: nucleic acid 

(C) SIRRNOEENESS: single 

(D) lutuLOGY: linmr 

(ii) MrmTTF! 1YPE: cCNA 

(ix) IEKIUKE: 

(A) NAME/KEY: misnfeataure 

(B) IOCKEKN: 1..1B33 

(D) COHER INR3imrrCN: /note= "clcne 3-2" 

(ix) FEATURE: 

(A) NAME/KEY: sig^peptide 

(B) KX30ICN: 61, • HI 

(D) OTHER INFCKOTTCN: /note= "putative signal sequence 1 1 

(ix) FEATURE: 

(A) NAME/KEY: mtjseptide 

(B) IOCKEKN: 112.. 1779 

(ix) FEMX3RE: 

(A) NAME/KEY: misc_feature 

(B) IDCKHCN: 112.. 492 

(D) OTHER INFtXttAJTCN: /note= "extracellular dcnain" 
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(ix) FEEKKE: 

(A) NfiME/KEY: miscjfeature 

(B) KXaOCECN: 493. .570 

(D) OTHER INFCBMAIICN: /note= ••tranststteane regicn" 

(ix) FEATURE: 

(A) NAME/KEY: miscfeature 

(B) liXraiCN: 571.. 1779 

(D) OTHER INKX^ATICN: /ncte= "cytcplasmic danain" 
(ix) iramiRE: 

(A) NAME/KEY: 5 f UTR 

(B) IOCKEICN: 1..60 

(ix) FEMURE: 

(A) N&ME/KEY: 3'UIR 

(B) IOCaHCN: 1780.. 1833 

(xi) SEQUENCE DESCKEFTTCN: SEQ ID NO: 12: 

oc^rrraG ctgiqciqqc timgctcit cKrarcroc tgcztoccttc crocaocAfiG 60 

imrmoGCT crnoogsCT TiGoocaim cnrasraG ciuiulmqc aoodxaaac 120 

M3CEAAcrr Giuiuncrr ismncr oacrocras gmgcacaaa GAcaciaQGA iso 

GMOGcnEG AraraGocac ^GftQcroxc mmokkx: Gcroocrcm oGaascroc 240 

TOCTTIQQGA TCIQGAAOCT GAOOCAAGAC 03030005 TGGAAATOCA A3SAIG003ft. 300 

GACW3IGKIG MCX3G3CD3 OCIGIGfta: CAMIOOCXE A30C a aXC 360 

AGQOCTGQCT (XftCTCICrr CAOOT3C3XIJ TCI133GACIG ACi'lClGCAA TG0CM3TAC 420 

A3COTC1GC CIICTCX^G GMOOaOOG ACKXZR3QCT 0CEW3GSIDC (XMOCntSOC 480 

aSTCTOGAT Q3CACIQ3IG CTOCIG393C 'IGTllTiULT OJiUJIUJIG 540 

CIGCTQ33CA GCMOTCIT GGOXTOCm OO02AAAGA ZCmZ&GT 600 

0CWIR3CX3G MACICAGGC im^CTOGA GICT3SAGCT GC^a^GCIG 660 

cciGPGcrar cmuiuuLA asiMroaoG <»aggaggic ArocMiDsr Tioisaam 720 

CMXIEGCAfiG GAAAACT33T TOCTATCA2G GCCTIOTAC 03G3rCIGr GQCTCMITC 780 
CMGCTGZ£A GEGCOTIGIA OGAAdltEA GQCCDOGC ACGAOCACOT TCKXEATTT 840 
ATORCTOOCA QQ CGQQQQQG TXX, TO 30a3C aUClXJlCIG OatXT XTC CT CCTBCIQGAA 900 

erocraaxA MGoerooCT GiGacacmc TiraarsCT Aczm^iGA croasGAAGT 960 
mri c nra toqcacigic aaoaaraG qqcciqscot ticixxmga qgmuucilg 1020 
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C2GAAIGXC AAEKEAAAOC MGEOTQOC OHmSlTC TGAGCMCTA GAA3GIGCIC 1080 

OTmM AIGSATCEIG TOCEKEIQGA GAOCT33Q0C T IG CX3 TOCT GCTOXTOSC 1140 

axacicrac ttxrroccro (aocxrracr cmos^asg Gcrarcroc carcaiaswv 1200 

GCTOGCECDC MAGGIBCKr CiULiUGACA AGaCTCTOGA CXZJOG^T 1260 

TQ33QGAIGG cUJIUJjAOS AXTCA33OT TRCTCTTIQG CTCIDCTCCT GIQ32AGKIA 1320 

CTOAGCXECT QOOuAGKETT GAQQCXZDaC MOdOCAC CALUJT1UA 1380 

GAGGOGAAC 1G33CAA1AC CtXTOOCICT G330CTIGX AGIGCAOGAG 1440 

AGGAG3CEIC MOCaCCTOG CDCIGCITIG 03OGA0X TCATOQOCIG 1500 

A3GGfiGCT0C TOGA&SCTC TIQ0SKIQCA GAOCEAGAAG GAOJXJGAC 1560 

GEAOGaGC GOdOQCIGC CITOQCXEKT OTraAGSGA QCXMX33CIT TXXEGAG2GC 1620 

TCrcraajTG ocroaacAac tctcigoxa gaagactoia cticaatio: TOcnxraa: leso 

ATOCTKEXCT GIM30CTCA GQQGEGIGX TGCCACJI'ICA. N33CCCTB5I! 1740 

TOCAGGAATC CTCAG0C1GC ClUllflUULTr TCJOCTGICT AAATOIGCEG Tl'imUlGlC 1800 

ATCAA1GIBC MGCTMCKr AAAlKIQC3Q3 ATT 1833 



(2) INFORMKEICN RE SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 573 amino acids 
(6) TYPE: amino acid 
(D) TCFQE£G¥: lirrar 

(ii) M3LEEULE TYPE: peptifc 

(ix) FEM13RE: 

(A) NAME/KEY: Dcnain 

(B) nXKTICN: 18.. 144 

(D) OTHER INECFMATICN: /note= "extraoeUular detrain" 

(ix) FEA3URE: 

(A) NAME/KEY: Dcnain 

(B) KX3033CN: 145.. 170 

(D) OTHER INFCPMKHCN: /note= 'Hxanaroiihrane region" 

(ix) FEMURE: 

(A) NAME/KEY: Dcnain 

(B) LXEEKN: 171.. 573 

(D) OTHER INFOTOAHCN: /note= "cytcplasmic domain" 
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(xi) SEQUENCE DESCKEFIIQJ: SEQ ID ND:13: 

Mst leu Gly Ser leu Gly Lai Trp Ala Lsu Leu Pro Thr Ala Val Gin 
1 5 10 15 

Ala Pro Pro Asn Arg Arg Ohr Cys Val fte Fte Glu Ala Pro Gly V&L 
20 25 30 

Arg Gly Ser Thr lys Thr Lsu Gly Glu leu Lsu Asp Thr Gly Thr Glu 
35 40 45 

Leu Pro Arg Ala lie Arg cys Lsu Tyr Ser Arg Cys Cys Fte Gly lie 
50 55 60 

Trp Asn Lsu Ihr Gin Asp Arg Ala Gin Val Glu Met Gin Gly Cys Arg 
65 70 75 ^80 

Asp Ser Asp Glu Pro Gly Cys Glu Ser leu His Cys Asp Pro Ser Pro 
85 90 95 

Arg Ala His Pro Ser Pro Gly Ser Ihr leu Fte Ihr Cys Ser Cys Gly 
100 105 110 

Ihr Asp the Cys Asn Ala Asn Tyr Ser His Leu Pro Pro Pro Gly Ser 
115 120 125 

Pro Gly Ihr Pro Gly Ser Gin Gly Pro Gin Ala Ala Pro Gly Glu Ser 
130 135 140 

lie Trp Mst Ala Leu Val Leu leu Gly leu Ete Leu Leu leu Leu Leu 
145 150 155 160 

Lsu leu Gly Ser He lie Lsu Ala leu Leu Gin Arg lys Asn Tyr Arg 
165 170 175 

V^l Arg Gly Glu Pro Val Pro Glu Pro Arg Pro Asp Ser Gly Arg Asp 
180 185 190 

Trp Ser Val Glu Lsu Gin Glu Leu Pro Glu leu cys Ete Ser Gin Val 
195 200 205 

He Arg Glu Gly Gly His Ala Val Val Trp Ala Gly Gin leu Gin Gly 
210 215 220 

lys Leu Val Ala lie Lys Ala rheProProArgSerValAlaGlnFte 
225 230 235 240 

Gin Ala Glu Arg Ala leu Tyr Glu leu Pro Gly Leu Gin His Asp His 
245 250 255 

lie Val Arg Ehe lie Ihr Ala Ser Arg Gly Gly Pro Gly Arg Lsu Leu 
260 265 270 
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Ser Gly Pro Leu Leu Val Lai Glu Leu His Pro Lys Gly Ser Leu Q*s 
275 280 285 

His Tyr Leu Ihr Gin iyr Thr Ser Asp Trp Gly Ser Ser leu Arg ffet 
290 295 300 

Ala Leu Ser Leu Ala Gin Gly Lai Ala Hie Lai His Glu Glu Arg Trp 
305 310 315 320 

Gin Asn Gly Gin Tyr lys Pro Gly He Ala His Arg Asp leu Ser Ser 
325 330 335 

Gin Asn Val Lai He Arg Glu Asp Gly Ser Cys Ala lie Gly Asp Leu 
340 " 345 350 

Gly Lai Ala Leu Val Leu Pro Gly Leu Thr Gin Pro Pro Ala Trp Thr 
355 360 365 

Pro Thr Gin Pro Gin Gly Pro Ala Ala lie Itet Glu Ala Gly Ihr Gin 
370 375 380 

Arg lyr Mat Ala Pro Glu Leu Lea Asp Lys Uir Leu Asp Leu Gin Asp 
385 390 395 400 

Trp Gly *fet Ala Leu Arg Arg Ala Asp lie lyr Ser Lai Ala Lai Leu 
405 410 415 

Lai Trp Glu lie Leu Ser Arg Cys Pro Asp Leu Arg Pro Asp Ser Ser 
420 425 430 

Pro Pro Pro Hie Gin Lai Ala lyr Glu Ala Glu Leu Gly Asn Thr Pro 
435 440 445 

Ihr Ser Asp Glu Leu Trp Ala Lai Ala Val Gin Glu Arg Arg Arg Pro 
450 455 460 

lyr He Pro Ser Ihr Trp Arg cys Hie Ala Thr A^> Pro Asp Gly Leu 
465 470 475 480 

Arg Glu Leu Leu Glu Asp Cys Trp Asp Ala Asp Pro Glu Ala Arg Leu 
485 490 495 

Thr Ala Glu cys Val Gin Gin Arg Lai Ala Ala Lsu Ala His Pro Gin 
500 505 510 

Glu Ser His Pro Hie Pro Glu Ser Cys Pro Arg Gly Cys Pro Pro Leu 
515 520 525 

Cys Pro Glu Asp cys Thr Ser He Pro Ala Pro Ihr He Leu Pro Cys 
530 535 540 



Arg Pro Gin Arg Ser Ala Cys His Hie Ser Val Gin Gin Gly Pro Cys 
545 550 555 560 
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Ser Arg Asn Pro Gin Pro Ala Cys Thr Leu Ser Pro Val 
565 570 



(2) INKI^©IICN FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARfic:itKiSIIGS: 

(A) I£NGTEH: 900 base pairs 

(B) TOPE: nmlein add 
(0 SIRBNDECNESS; single 
(D) TGPQEOGtf: linear 

(ii) M3LEEULE TYPE: ENA (genonic) 

(ix) FTKTURE: 

(A) NAME/KEY: exoi 

(B) IOCA3TCN: 1..109 

(D) OTHER INFOTOAITCN: /note= "exm 1" 

(ix) FEMURE: 

(A) NAME/KEY: intrai 

(B) IOMCN: 110. ,413 

P) OTHER INFOWVnCN: /note= "i nUm A" 

(ix) FEMURE: 

(A) NAME/KEY: excn 

(B) IOCKTECN: 414.. 596 

(D) OTHER INFOWKI3CN: /nate= "excn 2" 

(ix) FEATURE: 

(A) NAME/KEY: intrcn 

(B) HXBIXCN: 597.. 834 

(D) OTHER INFCR1KITCN: /note= "inbxn B" 

(ix) FEATURE: 

(A) NAME/KEY: exm 

(B) IDCKITCN: 835.. 900 

(D) OTHER INFORMOTECN: /nate= "exai 3 (partial) " 

(ix) FraiURE: 

(A) NAME/KEY: miscfeature 

(B) nxarrcw: 597 

(D) OTHER INFCKMOm: /note= ,f nx0ectide ctenged to A in 
patient T.A." 

(xi) SEQUENCE DESCIUWTCN: SEQ ID NO: 14: 

GCW3333C2G CiUlUaLGC TIMQCICIT QUaitJlUC TGCXGraTC CT03GCAAG 60 

* Aracrraosr ciTiaaaGcr Tracsxram cnui^oc craraaMG taalziuiuia 120 
omaoaoG amostctct amamia: mcmgqgaa AGaaooGcrr gamcamag ibo 



craaaxriT ggaagagiqs TC£gig3qct Q3SK3¥3I2A GG3IGAMGA tmmctmg 
TGamragG Qgmm gstkcmgc crcrocrcftc cxmmtrx a ^ u aaaaT 
raocamciG MscroasKT ctggmckig titicjicmt TCmroooc AsmTrrac 

CTCIGCaJTC MOIMT TCftATCHTT OiLTlOXJLA C ai i ai ^OCT C2V3QmD3C 
AAfiCMOOGA NX3GJX3S3T TCTTIGK3QC (XCIGGSGIG CGQQGftftQCTL G&M2£2CT 

QCftCSGRGCT CZXQGMXT ATOCGGTOOC OTOXDG 

aacTOCTTr qomuigga axbgrgoca agrox33gca cmsiqgaaa. tctamgiga 

MKEQGCEGG IGKD3QCEM GSXG9G3GAC TQ933IGIQG 
GGAG^AAXAG G3GAA2GAAA AOXCMGAG 

MCEQGAMG GMGCTTCIG GATiraOCCT CiUlTlUL^C AQXCKTLGl' 

auTimuj Tiutxaur muiciujr maam lacraroam toggkiqce 

GftGfiOGIGA IGMOGMQC TCIG&JKXT: TO^CIGIGA CCCMEKXi: QGNXXX2J3C 



(2) INEOMmEN ICR SEQ ID NO: 15: 

(i) SEQUENCE OffiRACLhKLSTlCS : 

(A) LENJEH: 20 base pairs 

(B) TYPE: n ml pic acid 

(C) SIKANDEENESS: single 

(D) TCP0LOCT: linear 

(ii) M3LECQLE TYPE: c£NA 

(ix) FEBTORE: 

(A) NRME7KEY: misc_feature 

(B) iocktxcn: 1..20 

(D) OTHER INFd^KEECN: /note= "5 1 sense PCR primer Is fran 
hunan Am receptor cCNA (rirflfpntvirto 36-55 of SEQ 
ID NO: 12)" 

(xi) SEQUENCE DESCR1P11CN: SEQ ID NO: 15: 

'lduauau amount 



(2) INFCEMaiTCN ICR SEQ ID ND:16: 

(i) SEQUENCE QJARACTEETSITCS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: rucleic acid 
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(Q S1RANDEENESS: single 
(D) TOFQLOGY: linear 

(ii) MXKUIE TYPE: cCNA 

(ix) FEETORE: 

(A) NSME/KEX: misc_feataice 

(B) LXKCTCN: 1..21 

(D) OTHER /nate= "3 1 antisense PCR primer 2a fran 

laman AMI receptor c£Nk (acnpLanent of rixdeatides 410-430 



(2) INFCR^AnCN ICR SEQ 3D NO: 17: 

(i) SEQUENCE CHRRACEERESITCS: 

(A) LENCTH: 20 base pairs 

(B) TYPE: rucleic acid 

(C) SIEftNDEENESS: single 

(D) linear 

(ii) M3LHULE TYPE: cCNA 

(ix) FEfiltRE: 

(A) NAME/KEtf: xniscfeatute 

(B) HTKEECN: 1..20 

(D) OIHER INFCKMKEECN: /note= "3 f antisense PCR primer 3a fran 
human Affl itjugjl o r c£NA (ocnplaane nt of ruzleatides 504-523 



of SEQ 3D NO: 12)" 



(XL) SEQUENCE DE5QRCTITCN: SEQ 3D NO: 16: 



GCXKSX33CT CTMTIGQCA T 



21 



of SEQ 3D NO: 12) 



it 



(XL) SEQUENCE DESCKEITTCN: SEQ ID NO: 17: 



ACBGCCCOG QGCaxaGT 



20 
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Internationa i apnltcauonNo. 


reference number B174 CIP PCT 





INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCT Rule l3Wx) 



A. The indications nude below relate to the microorganism rcterred to in tbe description 
onoatte 27 -lines 16 — 19 ,,.„„. .« 


B. IDENTIFICATION OF DEPOSIT COli, Further deposits are iden 


tiiied on an addition. 




Namcofder^uryinsutuuon MC1061/P3/ pB21 0 






American Type Culture Collection 







Address of depositary institution 4uKmdimg pouii code «ju vmmjj) 

12301 Parklawn Drive 
Rockville, Maryland 20852 
United States of America 



Date ot deposit 16 December 1993 


Accession Number 






(16.12.93) 


69520 






C. ADDITIONAL INDICATIONS U^bUmkifmoi mppucsb. 


It) This intorrnauon is continue* 


I on an addhiona 


1 sheet 



In respect of the designation of the EPO, samples of the de- 
posited microorganisms will be made available until the publication 
of the mention of the grant of the European patent or until the 
date on which the application is refused or withdrawn or is deemed 
to be withdrawn, as provided in Rule 28(3) of the Implementing Reg- 
ulations under the EPC only by the issue of a sample to an expert 
nominated by the requester (Rule 28(4) EPC). 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE HI the imdkm*m»***m jet mUdaiwmtmd ftsssr) 



EPO 



E. SEPARATE FURNISHING OF INDICATIONS <lax*6U*kifmatMpp6cmbte> 



Toe inoications listen oeiow will be suomiiica to Uie International Bureau later \spcajyikep 



For receiving Office use only 



This sheet was received with the lnternauonai application 




For intemaoonal Bureau use only 



| This sheet was received by the interutional Bureau on: 



Authonzed officer 



Form PCT/RO/134 (July 1992) 
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Agent's file 

reference number: B174 CIP PCT 
Form PCT/RO/134 

INDICATIONS RELATING TO A DEPOSITED MI CROORGANI8H 

(PCT Rule 13bis) 



B. IDENTIFICATION OF DEPOSIT 

E. coli . MC1061/P3/pB210, Accession Number 69520 



Continuation of Box C. 

In respect of the designation of Finland, until the 
application has been laid open to public inspection by 
the Finnish Patent Office, or has been finally decided 
upon by the Finnish Patent Office without having been 
laid open to public inspection, samples of the deposited 
microorganisms will be made available only to an expert 
in the art. 

Continuation of Box D. 

Finland ^ 
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B174 CIP PCT 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCT Rule 13b£i) 



A, The tnd i ca ii o a a made beiow relate to the microorganism re i erred to ia the oesenpuon 
oapage 27 .lines 19-2 2 



B. IDENTIFICATION OF DEPOSIT E . coli # 



Further deposua are identified on an a 



lofd.tnaiuryuutmwoa MClQ61/P3/pHl 

American Type Culture Collection 



of depositary tnatttmton $tmektdutg paumi cod* mm camatryf 

12301 Parklawn Drive 
Rockville, Maryland 20852 
United States of Amerxca 



Deieoideposu lfi December 1993 
(16.1Z.93) 



ion Number 



69521 



a ADDITIONAL INDICATIONS ikemmkUmk if mm •ppik+k) Tbia information ts continued on an additional aheet QfJ 

M .4«. Z S respect of . the designation of the EPO, samples of the de- 

lit mxcroorganisms will be made available until the publication 
of the mentxon of the grant of the European patent or until the 
date on which the application is refused or withdrawn or is deemed 
to be withdrawn, as provided in Rule 28(3) of the Implementing Reo- 
ulatxons under the EPC only by the issue of a sampl/to an expert 
nominated by the requester (Rule 28(4) EPC). 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE liftm 



umr*matioecU*i*mi 



EPO 



S. SEPARATE FURNISHING OF INDICATIONS flcmMeet iimmmppikM 



The ino»cauotu»uiedoeiow wili oemuomiueo lo tnc international bureau later ttpen/y tne wa%^mtmmuirretumu 



■ Hi roe receivu 
f^Tbia sheet wm receive 


O with the international application 







«pnynrt/t-uriu«v iw\ 



For International Bureau uae oniy 



~~] Thia aheet was received by the International Bureau c 
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Form PCT/RO/134 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 13Jbis) 



B. IDENTIFICATION OF DEPOSIT 

E. coli, MC1061/P3/pHl, Accession Number 69521 



Continuation of Box C. 

In respect of the designation of Finland, until the 
application has been laid open to public inspection by 
the Finnish Patent Office, or has been finally decided 
upon by the Finnish Patent Office without having been 
laid open to public inspection, samples of the deposited 
microorganisms will be made available only to an expert 
in the art. 

Continuation of Box D. 



Finland 
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Applicant* or agent's file 



B174 CIP PCT 



International application!*). 



INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCTRule ISbis) 



A. Hie indications made below relate to the microorganism referred to in the deachptioo j 
onpaae 34 , line 6 .,,23-26 


fL IDENTIFICATION OF DEPOSIT p lasmid Further deposits are idea) 


ified on an addition 


tl sheet Q 


Name of depositary institution hAMHR3-2 






American Type Culture Collection 







Address of depositary msuruuon limcwdimg postal codc4*d commtry) 

12301 Parklawn Drive 
Rock vi lie, Maryland 20852 
United States of America 



Date of deposit 13 December 1994 
(13.12.94) 


Accession Number 


C ADDITIONAL INDICATIONS iU*** bUnk if mot mppUcMok) This information is continued on an additional sheet fY] 



In respect of the designation of the EPO # samples of the de- 
posited microorganisms will be made available until the publication 
of the mention of the grant of the European patent or until the 
date on which the application* is refused or withdrawn or is deemed 
to be v/ithdrawn, as provided in Rule 28(3) of the Implementing Reg- 
ulations under the EPC only by the issue of a sample to an expert 
nominated by the requester (Rule 28(4) EPC). 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE Of the i 



tmrcmet formil ompmoiSuta) 



EPO 



E. SEPARATE FURNISHING OF INDICATIONS Ocavcbinakiim* mppiicmbU) 



The indications listed below will be submitted to the international Bureau later (Mpcdfythegcmomi* 
Nowbtroftoposu') 

Accession Number of Deposit 



For receiving Office use only 



This sheet was received with the international application 




For interna uonal Bureau use only 



Q This sheet was received by the Intcrnaoonal Bureau cm 



Authorised ^Tf tf**** " 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 13Jbis) 



B, IDENTIFICATION OF DEPOSIT 

Plasmid hAMHR3-2, Accession Number 



Continuation of Box C. 

In respect of the designation of Finland, until the 
application has been laid open to public inspection by 
the Finnish Patent Office, or has been finally decided 
upon by the Finnish Patent Office without having been 
laid open to public inspection, samples of the deposited 
microorganisms will be made available only to an expert 
in the art. 

Continuation of Box D. 



Finland 
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We claim: 

1* An isolated DNA sequence comprising a DNA 
sequence encoding the mature AMH receptor polypeptide 
selected from the group consisting of 

(a) nucleotides 113 to 1585 of SEQ ID NO: 1; 

(b) nucleotides 110 to 1765 of SEQ ID NO: 2; 

(c) nucleotides 112 to 1779 of SEQ ID NO: 12; 

(d) DNA sequences that hybridize to any of the DNA 
sequences of (a) -(c) and which encode a biologically or 
antigenically active AMH receptor polypeptide; and 

(e) DNA sequences that are degenerate to any of the 
foregoing DNA sequences. 

2. An isolated DNA sequence according to 
claim 1 encoding the extracellular domain of the AMH 
receptor polypeptide selected from the group consisting 
of 

(a) nucleotides 113 to 310 of SEQ ID NO: 1; 

(b) nucleotides 110 to 490 of SEQ ID NO: 2; 

(c) nucleotides 112 to 492 of SEQ ID NO: 12; 

(d) DNA sequences that hybridize to any of the DNA 
sequences of (a) -(c) and which encode a biologically or 
antigenically active AMH receptor polypeptide; and 

(e) DNA sequences that are degenerate to any of the 
foregoing DNA sequences. 

3« An AMH receptor polypeptide encoded by the 
isolated DNA of claim 1. 

4. An AMH receptor polypeptide according to 
claim 3 comprising an amino acid sequence corresponding 
to the mature AMH receptor polypeptide selected from 
the group consisting of 

(a) amino acid residues 18 to 508 of SEQ ID NO: 3; 
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(b) amino acid residues 18 to 569 of SEQ ID NO: 4; 

and 

(c) amino acid residues 18 to 573 of SEQ ID NO: 13. 

5. An AMH receptor polypeptide according to 
claim 3 comprising an amino acid sequence corresponding 
to the extracellular domain the mature AMH receptor 
polypeptide selected from the group consisting of 

(a) amino acid residues 18 to 83 of SEQ ID NO: 3; 

(b) amino acid residues 18 to 144 of SEQ ID NO: 4; 

and 

(c) amino acid residues 18 to 144 of SEQ ID NO: 13. 

6. An antibody or antibody homolog which 
specifically recognizes an AMH receptor polypeptide 
according to claim 3. 

7. An antibody or antibody homolog according 
to claim 6 which recognizes the extracellular domain of 
the AMH receptor polypeptide. 

8. An antibody or antibody homolog according 
to claim 6 which recognizes the AMH receptor in its 
native conformation on the surface of cells. 



9. An antibody or antibody homolog according 
to claim 6 which is conjugated to a further therapeutic 
agent selected from the group consisting of a toxin and 
a radionuclide. 

10 ♦ A method of detecting the presence of an 
AMH receptor in a biological sample comprising the 
steps of 

(a) contacting an antibody according to claim 6 
with a biological sample suspected of containing an AMH 
receptor; and 
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(b) detecting immune complex formation between said 
antibody and a component of said biological sample, 
wherein said immune complex formation is indicative of 
the presence of an AMH receptor in said biological 
sample. 

11. A method for detecting AMH ligand in a 
biological sample comprising the steps of 

(a) contacting an AMH receptor polypeptide 
according to claim 3 with a biological sample suspected 
of containing an AMH ligand; and 

(b) detecting binding between said polypeptide and 
a component of said biological sample, wherein said 
binding is indicative of the presence of an AMH ligand 
in said biological sample. 
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